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^ TUMOR NECROSIS FACTOR-, ANO -J RECEPTORS 

Q. 

O BACKGROUND OF TH6 INVENTION 
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Tumor necrosis :actor-a (TNFa. also known as rarhnr^fm . 
.no„. . ,v.o.o,o.n, .0.0,050. .alalia" ::ZZr.t:Z: p^nT 'atroilT^'- "° 
w,oe vanety of srfects on a largs rLmOer of cell types The great sm.lar.iiZ ^.i, , "'"^ « 

^ Characteristics of mese two cytokines have resulted ,r, heir 0^01,^5^^^^^ :^^^^^^ " c 

^ '0 CONA Clones ercooing TNF, (Pennica et al.. /Va/ure 'saTanrTNF/rr 

^ .f^rai , ,984, have .een .solate.. per,.,„i„g f.„.er structurt'a'n'o , ^ .p"^'"- 

f- TNF orote,ns in.Bate their 6iolog.cal effect on cells by t„ndir,g to soeclfic TNF receo.oT (TNF IZ'n, 

iPl ^xp-sssea on the plasma membrane of a TNF-responsive cell TNF^a^ TNF/.re fi ^ ZT ' 

UJ a common receptor on the human cerv,cal cLnoma cel. ,^e ME ^^ (AoL™I^^ 

" nllT- " ^^'^""'-^ af«nl,y iLelfng'S Ue. romT: 

175 kOa {Creasey et al. Proc, Natl. Acad Sci USA 54-3293 iqa?- c;^. . . y«c rr^mb4;o 

tfese'r-RfoToXrr ^; ' ^^^^^^^^^'^^i^^. 

these TNF-Rs of different molecular mass .s unclear. Hohmann et aJ. [J. diof Chem 264-14927 igasi 

0 The :LcT '''""V' "'"^ - 'oa: Zee ve^ 

recepto,^ Publ.cat.ons. however, reported ttie punficarton to homogeneity of cell surface TNF 

in addition to cell surface receptors for TNF. soluble proteins from human urine capable of b.nding TNF 

h n.no . ' Engelmann et al.. J. Bid. Chem. 264:ii974. 1989). The soluble unnary TNF 

binding protem disclosed by UK 2 218 lOl A has a partial N.term.nal amino acid sequence of Asp-Ser-Val 
Cys-Pro. Which corresponds to the partial sequence disclosed later by Engelmann et al. {1989) The 
rela onshrp of the above soluble urinary binding proteins was further elucLted after originarDarent 

he ■dent.f.cat.on and punfcation of a second distinct soluble unnary TNF b.nding protein hav.ng an N- 
IrJnJ Val-Ala-Phe-Thr-Pro- (J. fl/oA Chem. 255:1531. 1990). The two urinary 

proteins disclosed by the UK 2 218 lOi A and the Engelmann et al. publicadons were shown to be 

Zh-nrr'? ^ u° ^P^^"«y surface proteins by the ability of antiserum aga.nst 

Che binding proteins to inhibit TNF binding to certain cells. 

T>,^Tn 'TT^' '^^""^ molecular cloning and expression of a human 55 kDa 

TNF-fl (Loetscher et al.. Cell 6;:35t. 1990: Schall et aL. Cell 5;:38t. 1990). The TNF-R of both groups has 
an N-termmal amino aod sequence which corresponds to the paniaJ amino acid sequence of the urinar/ 
b.ndmg protein d.sclosed by UK 2 218 101 A. Engelmann et al. (1989) and Englelmann et al. (1990) 

In order to elucidate the relationship of the multiple forms of TNF-R and soluble unnary TNF binding 
proteins, or to study the structural and biological characteristics of TNF-Rs and the role played by TNF-Rs 
.n the responses of various cell populations to TNF or other cytokine stimulation, or to use TNF-Rs 
effectively m therapy, diagnosis, or assay, purified compositions of TNF-R are needed. Such compositions 
however, are obtainable in practical yields only by cloning and expressing genes encoding the receptors 
using recombmant DNA technology. Efforst to purify the TNF-R molecule for use in biochemical analys:s or 
to Clone and express mammalian genes encoding TNF-R. however, have been impeded by lack of a 
suitable source of receptor protein or mRNA. Prior to the present invention, no cell lines were known to 
express high levels of TNF-R constitutively and continuously, which precluded purification of receptor for 
sequencing or construction of genetic libraries for cONA cloning. 
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SUMMARY OF THE INVENTION 

The present invention provides isolated TNF receptors and ONA sequences encoding mammalian 
tumor necros-s factor receptors (TNF-R). ,n particular, human TNF-Rs. Such DNA sequences mciuce i2) 
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cONA clones having a nucleotiae sequence derived frcm the ceding region of a naiive TNF-R gene- co) 
ONA sequences which are capaoie of hybridization to the cDNA clones of (a) uncer mcderateiy stringent 
conditions and which encode biologically active JNF-fl molecules: or {c) ONA sequences whtcn are 
degenerate as a result of the genetic code to the ONA sequences defined in (a) anc (b) and wnich encoce 
biologically active TNF-R molecules. In particular, tne present invention provides DNA sequences whicn 
encode soluble TNF receptors. 

The present invention also provides recombinant expression vectors comprising the DNA sequences 
defined above, recombinant TNF-R molecules procuced using the recombinant expression vectors, anc 
processes for producing the recombinant TNF-R molecules using the expression vectors. 

The present invention also provides isolated or purified protein compositions comprising TNF-R. and m 
panicular soluble forms of TNF-R. 

The present invention also provides compositions for use in therapy, diagnosis, assay of TNF-R. or m 
raising antibodies to TNF-R, comprising effective quantities of soluble native or recombinant receptor 
proteins prepared according to the foregoing processes. 

Because of the ability of TNF to specifically bind TNF receptors (TNF-Rs). purified TNF-R compositions 
will be useful in diagnostic assays for TNF. as well as in raising antibodies to TNF receptor for use in 
diagnosis and therapy, in addition, purified TNF receptor compositions may be used directly in therapy to 
bind or scavenge TNF. thereby providing a means for regulating the immune activities of this cytokine. 

These and other aspects of the present invention will become evident upon reference to the following 
detailed description. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a schematic representation of the coding region of various cONAs encoding human and 
murine TNF-Rs. The leader sequence is hatched and the transmembrane region is solid. 
Hgure 2A-2B depict the partial cONA sequence and derived amino acid sequence of the human TNF-R 
clone 1. Nucleotides are numbered from the beginning of the 5 untranslated region. Amino acids are 
numbered from the beginning of the signal peptide sequence. The putative signal peptide sequence is 
represented by the amino acids -22 to -l. The N-terminal leucine of the mature TNF-R protein is 
underlined at position 1. The predicted transmembrane region from amino acids 236 to 265 is also 
underlined. The C-termini of various soluble TNF-Rs are marked with an arrow (t). 
Figure 3A-3C depict the cONA sequence and derived amino acid sequence of murine TNF-R clone ii. 
The putative signal peptide sequence is represented by amino acids -22 to -1. 1. The N-terminal valine 
of the mature TNF-R protein is underlined at position 1. The predicted transmembrane region from 
amino acids 234 to 265 is also underlined. 



DETAILED OESCHIPTION OF THE INVENTION 



Definitions 
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As used herein, the terms "TNF receptor" and "TNF-R" refer to proteins having amino acid sequences 
which are substantially similar to the native mammalian TNF receptor amino acid sequences, and which are 
biologically active, as defined below, in that they are capaOle of binding TNF molecules or transducing a 
biological signal initiated by a TNF molecule binding to a cell, or cross-reacting with anti-TNF-R antibodies 
raised against TNF-R from natural {i.e.. nonrecombinant) sources. The mature full-length human TNF-R is a 
glycoprotein having a molecular weight of about 80 kilodattons (kOa). As used throughout the specification, 
the term "mature" means a protein expressed in a form lacking a leader sequence as may be present in 
full-length transcripts of a native gene. Experiments using COS celts transfected with a cDNA encoding full- 
length human TNF-R showed that TNF*R bound '"l-TNFa with an apparent K, of about 5 x iO' M~\ and 
thai TNF-R bound '^'i-TNFd with an apparent K, of about 2x10' M*'. The terms "TNF receptor" or "TNF- 
R" include, but are not limited to. analogs or subumts of native proteins having at least 20 amino acids and 
which exhibit at least some biological activity in common with TNF-R, for example, soluble TNF-R 
constructs which are devoid of a transmembrane region (and are secreted from the cell) but retain the 
ability to bind TNF. Various bioequivalent protein and amino acid analogs are described in detail below. 
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The npmer.ciatura for TNF-R analogs as userr'hsren foilcwr Te convenru 




and 

^ Asp-^-^ as the C-terminai ammo acid (i.e.. a porypeptice having the sequence of amino acids 1-235 of F^J'"^ 

INF 



M. In the absence of any human or murine species designation. INF-R .-efers genertcaily to mammalian 
gp-R. Smilarjy, in the absence of any specific designation for deletion mutants, the term TNF-R means'!" 



O 

^ forms of TNF-R. inciudtng mutants and analogs which possess TNF-R biological activity. 

"Soluble TNF-R" or "sTNF-R" as used in the context of the present invention refer to proiems. or 
LU 5ucstantially equivalent analogs, having an amino acid sequence corresponding ;o ail or oan of ^ha 

-0 extraceiluiar region of a native TNF-R. for example. huTNF.RA235. huTNF-Riii85 and huT^JF-R^ll63 or 

5CU amino acid sequences substantially similar to the sequences of ammo acids 1-163. amino acids 1-135 or 

ammo acids 1-235 of Figure 2A. and which are biologically active m that they bind to TNF (igard 
Equivalent soluble TNF-Rs include polypeptides which vary from, these sequences by one or mor» 
^ substitutions, deletions, or additions, and which retain the ability to bind TNF or inhibit TNF signa^I 

^ .'5 transduction activity via cell surface bound TNF receptor proteins, for example huTNF-R^, wherein < is 

^ selected from the group consisting of any one of ammo acids 1 63-235 of Figure 2A. Analogous deletions 

f— may be made to muTNF-R. Inhibition of TNF signal transduction activity can be determined oy transfecting 

CO cells with recombinant TNF-R DNAs to obtain recombinant receotor expression. The ceils are then 

UJ contacted with TNF and the resulting metabolic effects examined. If an effect results wnich is attributable to 

m 50 the action of the ligand. then the recombinant receptor has signal transduction activity. Exemplary 

procedures for determining whether a polypeptide has signal transduction activity are disclosed by idzerca 
et at.. J. Exp. Med, 171:661 (1990): Curtis et al., Proc. Natl. Acad. Sci. USA 36:3045 (1989): Prywes et aJ.. 
cM80 J. 5:2179(1986) and Chou et a!.. J. dial. Chem, 252:1842 (1957). Alternatively, pnmary cslls or celt 
lines which express an endogenous TNF receptor and have a detectable biological response to TNF could 
25 also be utilized. 

The term "isolated" or "purified", as used in the context of this specification to define the purity of 
I : TNF-R protein or pnotein compositions, means that the protein or protein composition is substantially free of 

other proteins of natural or endogenous origin and contains less than about 1% by mass of protein 
contaminants residual of production processes. Such compositions, however, can contain other proteins 

50 added as stabilizers, carriers, excipients or co-therapeutics. TNF-R is isolated if it is detectable as a single 
protein band in a poiyacrylamide gel by silver staining. 

The term "substantially similar." when used to define either amino acid or nucleic acid sequences, 
means that a particular subject sequence, for example, a mutant sequence, varies from a reference 
sequence by one or more substitutions, deletions, or additions, the net effect of which is to retain biological 

3S activity of the TNF-R protein as may be determined, for example, in one of the TNF-R binding assays set 
forth in Example l below. Alternatively, nucleic acid subunits and analogs are "substantially similar'* to tfie 
specific DNA sequences disclosed herein if; (a) the DNA sequence is derived from the coding region of a 
native mammalian TNF-R gene; (b) the ONA sequence is capable of hybridization to DNA sequences of (a) 
under moderately stringent conditions (50* C. 2x SSC) and which encode biologically active TNF-R 

^ molecules: or DNA sequences which are degenerate as a result of the genetic code to the DNA sequences 
defined in (a) or (b) and which encode biologically active TNF-R molecules. 

"Recombinant," as used herein, means that a protein is derived from> recombinant (e.g., microbial or 
mammalian) expression systems. "Microbial" refers to reccmoinant proteins made in bacterial or fungal 
(e.g.. yeast) expression systems. As a product, "recombinant microbiar defines a protein produced in a 

45 microbial expression system which is essentially free of native endogenous substances. Protein expressed 
in most bacterial cultures, e.g.. E. coli. will be free of glycan. Protein expressed in yeast may have a 
glycosyfation pattern different from that expressed in mammalian ceils. 

"Biologically active." as used throughout the specification as a characteristic of TNF receptors, means 
that a particular molecule shares sufficient amino acid sequence similarity with the embodiments of the 

50 present invention disclosed herein to be capable of binding detectable quantities of TNF. transmitting a TNF 
stimulus to a cell, for example, as a component of a hybrid receptor construct, or cross-reacting with anti* 
TNF-R antibodies raised against TNF-R from natural (i.e., nonrecombinant) sources. Preferably, biologically 
active TNF receptors within the scope of the present invention are capable of binding greater than 0.1 
nmoles TNF per nmole receptor, and most preferably, greater than 0.5 nmole TNF per nmole receptor m 

55 standard binding assays (see below). 

"Isolated ONA sequence" refers to a DNA polymer, in the form of a separate fragment or as a 
component of a larger DNA construct, which has been derived from ONA isolated at least once :n 
substantially pure form. i.e.. free of contaminating endogenous materials and in a quantity or concentration 
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snabi.ng ,aen:,fication. manipulation, and recovery of the sequence ard ,ts corr^oonent nuclec.c 
quences Dy standard biccherr.ical methods. :or exarriole. us.ng a clcn.ng vector.' Such secuenc^; ar'. 
prereracly prov.oed ,n the form of an ocen reading frame uninterrupted by internal nontranslated se- 
quences, or ,ntrons. wh,ch are typically present in eukaryot.c genes. Genomic ONA conta.n.ng the relevant 
sepuences cpuld also be used as a source of ceding sequences. Sequences of non-translated DNA may be 
present 5 or 3 from the open read.ng frame, where the same do not interfere w,th manipulation or 
expression of the coding regions. 

"Nucleotide sequence" refers to a heteropolymer of deoxynbonucieot.des. ONA sequences -ncocino 
the proteins provided by this invention can be assembled from cDNA fragments and shprt oligonucleotice 
linkers, or from a series of oligonucleotides, to provide a synthetic gene which is capable of beina 
expressed m a recombinant transcriptional unit. 



Isolation of cDNAs Encoding TNF-R 



The coding sequence of TNF-R is obtained by isolating a complementary ONA (cONA) sequence 
encoding TNF-R from a recombinant cONA or genomic DNA library. A cDNA library is preferaoly 
constructed by obtaining poiyadenyiated mRNA from a particular cell line which expresses a mammalian 
TNF-R, for example, the human fibroblast cell line WI-26 VA4 (ATCC CCL 95.1) and using the mRNA as a 

20 template for synthesizing double stranded cONA. The double stranded cDNA is then packaged into a 
recombinant vector, which is introduced into an appropriate £. coli strain and propagated. Munne or other 
mammalian cell lines which express TNF-R may also be used. TNF-R sequences contained in the cONA 
library can be readily identified by screening the library with an appropriate nucleic acid probe which is 
capable of hybridizing with TNF-R cONA. Allemativeiy. ONAs encoding TNF-R proteins can be assembled 

25 by ligation of synthetic oligonucleotide subunits corresponding lo ail or part of the sequence of Fgures 2A- 
26 or 3A-3C to provide a complete coding sequence. 

The human TNF receptor cDNAs of the present invention were isolated by the method of direct 
expression cloning. A cDNA library was constructed by first isolating cytoplasmic mRNA from the human 
fibroblast cell line Wl-26 VA4. Poiyadenyiated RNA was isolated and used to prepare double-stranded 

30 CDNA. Purified cDNA fragments were then ligated into pCAV-NOT vector ONA which uses regulatory 
sequences derived from pDC20l (a derivative of pMLSV. previously described by Cosman et aJ.. Nature 
312.758, 1984). SV40 and cytomegalovinjs DNA. described in detail below in Example 2. pCAV NOT has 
been deposited with the American Type Culture Collection under accession No. ATCC 68014. The 
pCAV/NOT vectors containing the WI26-VA4 cDNA fragments were transformed into £ coli strain DHSa. 

35 Transformants were plated to provide approximately 800 colonies per plate. The resulting colonies were 
harvested and each pool used to prepare plasmid DNA for transfection into COS-7 cells essentially as 
described by Cosman et aJ. {Nature 312:768. 1984) and Luthman et aJ. {NucL Acid Res. /;:1295. i983). 
Transformants expressing biologically active cell surface TNF receptors were identified by screening for 
their ability to bind '2S|.tnF. In this screening approach, transfected COS-7 cells were incubated with 

40 medium containing '»I-TNF. the cells washed to remove unbound labeled TNF. and the cell monolayers 
contacted with X-ray film to detect concentrations of TNF binding, as disclosed by Sims et al. Science 
24 ;:58S {1988). Transfectants detected in this manner appear as dark foci against a relatively light 
background. 

Using this approach, approximately 240.000 cONAs were screened in pools of approximately 300 
i5 cDNAs until assay of one transfectant pool indicated positive foci for TNF binding. A frozen stock of 
bacteria from this positive pool was grown in culture and plated to provide individual colonies, which were 
screened until a single done (done 1 1 ) was identified which was capable of directing synthesis of a surface 
protein with detectable TNF binding activity. The sequence of cDNA done 11 isolated by the above method 
is depicted in Figures 3A-3C. 
50 Additional cDNA clones can be isolated from cDNA libraries of other mammalian species by cross- 
species hybridization. For ijse in hybridization. ONA encoding TNF-R may be covalently labeled with a 
detectable substance such as a fluorescent group, a radioactive atom or a chemi luminescent group by 
methods well known to those skilled in the art. Such probes could also be used for in vitro diagnosis of 
particular conditions. 

55 Like most mammalian genes, mammalian TNF receptors are presumably enccded by multi-exon genes. 
Alternative mRNA constructs which can be attributed to different mRNA splicing events following transcrip- 
tion, and which share large regions of identity or similarity with the cDNAs claimed herein, are considered 
to be within the scope of the present invention. 
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a oroce for .creen.ng a pan.cUar nar^.-nalian cDNA library by cross-sceces hybridization ' " 

5 Proteins and Analogs 

-he present invention provides isolated recombinant mammalian TNF-R oolyoeotides isoiate^ 7np ^ 
t'n' " "'^^'^^'^"^ contaminating mate " of .a ^ ndoo 

^"'1'"'' '''' ^^^^^ mass of protein contaminants res.dual o^rod;cZ 

:o prcces.es. Tne native human TNF-R molecules are recovered from ceil lysates as glycoprote^s ? 
aoparent mciecular weight by SOS-PAGE of about 80 kilodaltons (kOa) The rNF^rporpeToes '^^^ 
invention are optionally without associated native-pattern glycosyiation Polypeptides of .h-s 

-anin?";r'rJ''"'' °^ P^'^^te. human marine 

.an.ne, fehne, bovine, ovne. equine and porcine TNF-R. Mammaiian TNF-Rs can be obtained bv ^-Z 
rs spec.es hybridizafon. using a s.ngte stranded cONA derived from the human TNF-R DNA sequencTs ! 
hyonoization prooe to isolate TNF-R cONAs from mammalian cONA libraries 

Derivatives of TNF-R within the scope of the invention also include various structural forms of -he 
pnmary prote-n which retain biological activity. Due to the presence of iomzable ammo and carboxyi grouos 
or exampie. a .NF-R protein may be in the form of acidic or bas.c salts, or may be in neu ral form' 
!0 Individual ammo ac:d residues may also be modified by oxidation or reduction 

The primary amino acid structure may be modified by forming covalent or aggregative conjugates with 
other chemical moieties, such as glycosyl groups, lipids, phosphate, acetyl grouos and the tike or by 
creattng ami.no ac.d sequence mutants. Covalent derivatives are prepared by linking particular functional 
groups to TNF-R ammo acid side chains or at the N-or C-termini. Other derivatives of TNF-R within the 
scope of th.s mvennon include covalent or aggregative conjugates of TNF-R or its fragments with other 
protems or polypeptides, such as by synthesis m recombinant culture as N-terminal or C-terminal fusions 
For example, the conjugated peptide may be a a signal (or leader) polypeptide sequence at the N-term.nal 
region or the protem which co-translationaily or post-transtationally directs transfer of the protein from its 
Site of synthesis to its site of function inside or outside of the cell membrane or wall (e.g.. the yeast a-factor 
leader). TNF-R protem fusions can compnse peptides added to facilitate purification or identification of TNF- 
R (e.g.. poiy-Hrs). The amino acid sequence of TNF receptor can also be linked to the peptide Asp-Tyr-Lys- 
Asp- Aso-Asp-Asp-Lys (DYKDDOOK) (Hopp et al., BiQ/Technology 5:1204.1988.) The latter sequence is 
higniy antigenic and provides an epitope reversibly bound by a specific monoclonal antibody, enabling 
rapid assay and facile purification of expressed recombinant protein. This sequence is also specifically 
cleaved by bovine mucosal enteroklnase at the residue immediately following the Asp-Lys pairing. Fusion 
protems capped with this peptide may also be resistant to intracellular degradation in £ coU. 

TNF-R derivatives may also be used as immunogens. reagents in receptor-based immunoassays, or as 
binding agents for affinity purification procedures of TNF or other binding ligands. TNF-R derivatives may 
aiso be obtained by cross-linking agents, such as M-maleimidobenzo/l succmimide ester and N-hydrox- 
ysuccinimtoe. at cysteine and lysine residues. TNF-R proteins may also be covalently bound through 
reactive side groups to various insoluble substrates, such as cyanogen bromide-activated, bisoxirane- 
act'vated. carbonyldiimidazote-activated or tosyl-activated agarose structures, or by adsorbing to polyolefin 
surraces (with or without glutaraldehyde cross-linking). Once bound to a substrate. TNF-R may be used to 
selectively bind (for purposes of assay or purification) anti-TNF-R antibodies or TNF. 

The present invention aiso includes TNF-R with or without associated native-pattern glycosyiation. TNF- 
R e.ypressed in yeast or mammalian expression systems, e.g.. COS-7 cells, may be similar or slightly 
different m molecular weight and glycosyiation pattern than the native molecules, deoending upon the 
expression system. Expression of TNF-R ONAs in bacteria such as £. cod provides non-glycosyiaied 
molecules. Functional mutant analogs of mammalian TNF-R having inactivated N-glycosyfation sites can be 
produced by oligonucleotide synthesis and ligation or by site-specific mutagenesis techniques. These 
analog proteins can ce produced in a homogeneous, reduced-carbohydrate form in good yield using yeast 
expression systems. N-glycosylation sites in eukaryoiic prpteins are charactensed by the amino acid triplet 
Asn-A,-Z. where A, is any amino acid except Pro, and Z is Ser or Thr. In this sequence, asparagine 
provides a side chain am.ino group for covalent attachment of carbohydrate. Such a site can be eliminated 
by substituting another amino acid for Asn or for residue Z. deleting Asn or Z. or inserting a non-Z ammo 
acid between A, and Z. cr an amino acid other than Asn between Asn and A, . 

TNF-R derivatives may also be obtained by mutations of TNF-R or its subunits. A TNF-R mutant, as 
referred tc herem. is a polypeptide homologous to TNF-R but which has an ammo acid sequence different 
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from native TNF-R because of a ieleticn. ipserttcn or sutatitutiOn. * ' 

Bioequivalent analogs of TNF-R protems may be constructed by. for example, making various 
substitutions of residues or sequences or cefenng terminal or internal residues or sequences not needed for 
biological activity; For example, cysteine residues- can be deieted (e.g.. Cys'^^) or replaced with ether 
5 amino acids to orevent formation of unnecessary or incorrect intramolecular disulfide bridges upon 
renaturation. Other approaches to mutagenesis involve modification of adjacent dibasic ammo acid residues 
to enhance expression in yeast systems fn wnich KEX2 protease activity is present. Generally. suPstituticns 
should be made consen/ativeiy; i.e.. the most preferred substitute amino acids are those navmg 
Dhysiochemical characteristics resembling those of the residue to be replaced. Similarly, when a deletion or 

:o insenion strategy is adopted, the potential effect of the deletion or insertion on biological activity should be 
considered. Substantially similar polypeptide sequences, as defined above, generally comprise a like 
number of amino acids sequences, although C-terminal truncations for the purpose of constructing soluble 
TNF-Rs Will contain fewer ammo acid sequences. In order to preserve the biological activity of TNF-Rs. 
deletions and substitutions will preferably result in homologous or conservatively substituted sequences. 

15 meaning that a given residue is replaced by a biologically similar residue. Examples of conservative 
substitutions include substitution of one aliphatic residue for another, such as fie. Val, Leu. or Ala for one 
another, or substitutions of one polar residue for another, such as between Lys and Arg; Giu and Asp: or 
Gin and Asn. Other such conservative substitutions, for example, substitutions of entire regions having 
similar hydrophobicity Characteristics, are well known. Moreover, particular ammo acid differences between 

20 human, murine and other mammalian TNF-Rs is suggestive of additional conservative substitutions that 
may be made without altering the essential biological characteristics of TNF-R. 

Subunits of TNF*R may be constructed by deleting terminal or internal residues or sequences. 
Particularly preferred sequences include those in which the transmembrane region and intracellular domam 
of TNF-R are deleted or substituted witti hydrophilic residues to facilitate secretion of the receptor into the 

25 cell culture medium. The resulting protein is referred to as a soluble TNF-R molecule which retains its 
ability to bind TNF. A particularly preferred soluble TNF-R construct is TNF-RA235 (the sequence of amino 
acids 1-235 of Figure 2A). which comprises the entire extracellular region of TNF-R. terminating with Asp^^* 
immediately adjacent the transmembrane region. Additional amino acids may be deleted from the trans- 
membrane region while retaining TNF binding activity. For example. huTNF-RAl83 which comprises the 

30 sequence of amino acids 1-183 of Fgure 2A. and TNF-flAl63 which comprises the sequence of amino 
acids 1-1 S3 of Figure 2A. retain the ability to bind TNF ligand as detemiined using the binding assays 
described below in Example l. TNF-RA142. however, does not retain the ability to bind TNF ligand. This 
suggests that one or both of Cys'^' and Cys'*^ is required for formation of an intramolecular disulfide 
bridge for the proper folding of TNF-R. Cys"'. which was deleted without any apparent adverse effect on 

35 the ability of the soluble TNF-R to bind TNF. does not appear to be essential for proper folding of TNF-R. 
Thus, any deletion C-terminal to Cys'" would be expected to result in a biologically active soluble TNF-R. 
The present invention contemplates such soluble TNF-R constructs corresponding to all or part of the 
extracellular region of TNF-R terminating with any amino acid after Cys'*^. Other C-termtnal deletions, such 
as TNF-FA157. may be made as a matter of convenience by cutting TNF-R cONA with appropriate 

40 restriction enzymes and. if necessary, reconstructing specific sequences with synthetic oligonucleotide 
linkers. The resulting soluble TNF-R constructs are then inserted and expressed in appropriate expression 
vectors and assayed for th© ability to bind TNF, as described in Example i . Biologically active soluble TNF- 
Rs resulting from such constructions are also contemplated to be within the scope of the present invention. 
Mutations in nucleotide sequences constructed for expression of analog TNF-R must, of course. 

45 preserve the reading frame phase of the coding sequences and preferably will not create complementary 
regions that could hybridize to produce secondary mRNA stojctures such as loops or hairpins which would 
adversely affect translation of the receptor mRNA. Although a mutation site may be predetermined, it is not 
necessary that the nature of the mutation oer se be predetermined. For example, in order to select for 
optimum characteristics of mutants at a given site, random mutagenesis may be conducted at the target 

50 codon and the expressed TNF-R mutants screened for the desired activity. 

Not all mutations in the nucleotide sequence which encodes TNF-R will be expressed in the final 
product, for example, nucleotide substitutions may be made to enhance expression, primarily to avoid 
secondary structure loops in the transcribed mRNA (see EPA 75,444A. incorporated herein by reference), 
or to provide codons that are more readily translated by the selected host e.g.. the well-known E. coli 

55 oreference codons for £ caii expression. 

Mutations can be introduced at particular loci by synthesizing oligonucleotides containing a mutant 
sequence, flanked by restriction sites enabling ligation to fragments of the native sequence. Followmg 
ligation, the resulting reconstructed sequence encodes an analog having the desired amino acid insertion. 
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SLicsiit'jticn; or deletion. 

an *''%"!'7'>'-=;9°™=i^"«e-0,rected s,te-soec,fic ..urage.es.s procedures can be en=,oye^ -o 
an altered gene hav.ng particular codons altered according -o tr.e soostitwion deienop 

4.737,462 d.sclose su.table techniques, and are incorporated by reference herein ^ 

Both monovalent forms and polyvalent forms nf twf a =ra ; 
:h.s .nvennon. Polyvalent ^ormsVsse:s m^le w'r\ ^^^^^^^^^^^^^^ 

b,va.ent soluble TNF-R may cons.r of r.o tandem repeats of am.n'o lads ^^35 of g^r 'a^se^'Tted b^ 
a linker reg.on. Alternate polyvalent forms may also be constructed, for example b^cher^-canv ol, ' 
TNF-R to any clin.cally acceptable carrier molecule, a polymer selected from the Up con's^^^^ 

or dextran using conventional coupling techn.gues. Alternatively tS L 'oe 
chem,cally coupled to b.otm. the biotin-TNF-R conjugate then allowed to b.nd to av.din resuTtmc 
tetravalent av:d>n.biotin.TNF.R molecules. TNF-R may also be covalently coupled to dinitropheno^fONP. ' 
tnn.trophenol (TNP, and =he resulting conjugate preoptated w.th ant.ONP or ant^rP fgM T'l^ 
decamenc conjugates with a valency of lO for TNF-R binding sites ' 

A recombinant chimenc antibody molecule may also be produced having TNF-R sequences substituted 
for .he vanable doma.ns of either or both of the immunoglubul.n molecule heavy and light cha. anp 
nav,ng unmod.ned constant reg.on domains. For example, ch.menc TNF-fVlgG, may be produced from ^^o 

L Tl, <^.^f'^C'.-'>- '''"o-^g transcnpfon and translation of the two ch.menc genes, the gene products 

fn?mT.fT"N.ro ''"^ ^^^-^ ^'^P'^y^^ t:ivalently. Such polyvalent 

forms Of TNF-R may have enhanced b.nding affinity for TNF ligand. Additional deta.ls relating to the 
construction of such chimeric antibody molecules are disclosed in WO 89/09622 and EP 315062. 



Expression of Recombinant TNF-R 

TK.Jo^f'®^®"^ invention provides recombinant expression vectors to amplify or express DNA encoding 
TNF-R. Recombinant expression vectors are replicadie DNA constructs which have synthetic or cDNA- 
denved DNA fragments encoding mammalian TNF-R or bioequ.valent analogs operably linked to suitable 
trarscnptional or translationat regulatory elements derived from mammalian, microbial, viral or insect genes 
A transcrrpttonal unit generally comprises an assembly of (1) a genetic element or elements having a 
regulatory role .n gene expression, for example, transcriptional promoters or enhancers, (2) a structural or 
coding sequence which is transcribed into mRNA and translated into protein, and (3). appropriate transcrip. 
tion and translation initiation and termination sequences, as described in detail below. Such regulatory 
elements may include an operator sequence to control transcription, a sequence encoding suitable mRNA 
ribosomal bmdmg sites. The ability to replicate in a host, usually conferred by an origin of replication and a 
selection gene to facilitate recognition of transformants may additionally be incorporated. DNA regions are 
operably linked when they are functionally related to each other. For example. DNA for a signal peptide 
(secretory leader) is operably linked to DNA for a polypeptide .f it is expressed as a precursor whicn 
participates m the secretion of the polypeptide: a promoter is operably linked to a coding sequence if it 
controls the transcription of the sequence: or a ribosome binding site is operably linked to a coding 
sequence if it is positioned so as to permit translation. Generally, operably linked means contiguous and. m 
the case of secretory leaders, contiguous and in reading frame. Structural elements intended for use m 
yeast expression systems preferably include a leader sequence enabling extracellular secretion of trans- 
lated protein by a host cell. Alternatively, where recombinant protein is expressed without a leader or 
transport sequence, it may include an N-terminal methionine residue. This residue may optionally be 
subsequently cleaved from the expressed recombinant protein to provide a final product. 

DNA sequences encoding mammalian TNF receptors which are to be expressed in a microorganism 
will preferably contain no introns that could prematurely terminate transcription of DNA into mRNA; 
however, premature termination of transcription may be desirable, for example, where it would result in 
mutants having advantageous C-terminal truncations, for example, deletion of a transmembrane region to 
yield a soluble receptor not bound to the cell membrane. Due to code degeneracy, there can be 
considerable variation in nucleotide sequences encoding the same amino acid sequence. Other embodi- 
ments include sequences capable of hybndizing to the sequences of the provided cDNA under moderately 
stringent conditions (50* C. 2x SSC) and other sequences hybridizing or degenerate to those which encode 



8 



EP 0 418 014 A1 



ticlogically acive TNF receotor polypectides. 

Recomc.nant TNf^R ONA is expressed or amoNftea in a recombinant expression system ccncnsinq . 
substantially homogeneous monoculture of suitable host microorganisms, for examole bac'*f,a sucn as ^ 
con or yeast such as S. cerevisiae. wh.cn have' siatiy mtegrated (by transformation or transfect-cn. . 
recombinant transcriptional unit mto chromosomal DNA or carry -he recomoinant transcriptional unit a 
component of a resident plasmid. Generally, celts constituting the system are the progeny of a smqie 
ancestral fransformant. Recombinant expression systems as cefined herein will express heterologous 
protein upon induction of the regulatory elements linked to the ONA sequence or synthetic gene 
expressed. ^ " " 

Transformed host cells are cells which have been transformed or transfected with TNF-R veccrs 
constructed using recombinant DNA techniques. Transformed host ceils ordinarily express TNF-R but host 
cells transformed for purposes of cloning or amplifying TNF-R ONA co not need to express TNF-R 
Expressed TNF-R will be deposited in the cell membrane or secreted mto the culture supernatant 
depending on the TNF-R DNA selected. Suitable host cells for expression of mammalian TNF-R induce 
IS prokaryotes. yeast or higher eukaryotic cells under the control of appropriate promoters. Prokaryotss 
include gram negative or gram positive organisms, for example £. can or bacilli. Higher eukaryotic -alls 
include established cell lines of marpmalian origin as descnbed below, Cell-free translation systems couio 
also be employed to produce mammalian TNF-R using RNAs derived from the DNA constructs of the 
present invention. Appropriate cloning and expression vectors for use with bacterial, fungal, yeast, and 
20 mammalian cellular hosts are described by Pouweis et al. {Cloning vectors: A Laboratory Manual. 
Elsevier, New York. 1985). the relevant disclosure of which is hereby incorporated by reference. 

Prokaryotic expression hosts may be used for expression of TNF-R that do not require extensive 
proteolytic and disulfide processing. Prokaryotic expression vectors generally comprise one or more 
phenotypic selectable markers, for example a gene encoding proteins conferring antibiotic resistance or 
25 supplying an autotrophic requirement, and an origin of replication recognized by the host to ensure 
amplification within the host. Suitable prokaryotic hosts for transformation include £. coli, Sacillus sutitl/is. 
Salmonella typhimurium, and various species within the genera Pseudomonas, Streptomyces. and 
Staphyolococcus. although others may also be employed as a matter of choice. 

Useful expression vectors for bacterial use can comprise a setectabie marker and bacterial origin of 
50 replication derived from commercially available plasmids comprising genetic elements of the well known 
cloning vector pBR322 (ATCC 37017). Such commerciaJ vectors include, for example. pKK223-3 
(Pharmacia Fine Chemicals. Uppsala. Sweden) and pGEMi (Promega Biotec. Madison. Wl. USA). These 
pBR322 "backbone" sections are combined with an appropriate promoter and the structural sequence to be 
expressed. £. coli is typically transfprmed using derivatives of peR322. a plasmid derived from an E. call 
35 species (Bolivar et al.. Gene 2:95. 1977). pBR322 contains genes for ampicillin and tetracycline resistance 
and thus provides simple means for identifying transformed cells. 

Promoters commonly used in recombinant microbial expression vectors include the i-iactamase 
(penicillinase) and lactose promoter system (Chang et al.. Nature 275:615. 1978; and Goeddel et al.. 
Nature 2S;;544. i979). the tryptophan (trp) promoter system {Goeddel et al., Nuci Acids Res. 3:4057. 
40 1980; and EPA 36.776) and tac promoter (Mamatis. Molecular Cloning: A Laboratory Manual. Cold Spring 
Harbor Laboratory, p. 412, 1982). A particularly useful bacterial expression system employs the phage x P^ 
promoter and ciSSTts thermolabile repressor. Plasmid vectors available from the American Type Culture 
Collection which incorporate derivatives of the x P^ promoter include plasmid pHU82. resident in £ coli 
strain JMB9 (ATCC 37092) and pPLc2a. resident in £ coli RRl (ATCC 53032). 
ts Recombinant TNF-R proteins may also be expressed in yeast hosts, preferably from the Sac- 
charomyces species, such as S. cerevisiae. Yeast of other genera, such as Pichia or K/uyveromyces 
may also be employed. Yeast vectors will generally contain an origin of replication from the 2a yeast 
plasmid or an autonomously replicating sequence (ARS). promoter. ONA encoding TNF-R, sequences for 
polyadenylation and transcription termination and a selection gene. Preferably, yeast vectors will include an 
50 origin of replication and selectable marker permitting transformation of both yeast and £ coli. e.g.. the 
ampicillin resistance gene of E. coli and S. cerevisiae TRPi or URA3 gene, which provides a selection 
marker for a mutant strain of yeast lacking the ability to grow in tryptophan, and a promoter derived from a 
highly expressed yeast gene to induce transcription of a structural sequence downstream. The presence of 
the TRPi or URA3 lesion in the yeast host cell genome then provides an effective environment for 
55 detecting transformation by growth in the absence of tryptophan or uracil. 

Suitable promoter sequences in yeast vectors include '.he promoters for metallothionein, 3- 
phosphoglycerate kinase (Hitzeman et al.. J. Biol. Chem. 255:207^. 1930) or other glycolytic enzymes 
(Hess et al., J. Adv. Enzyme Reg. 7:149. 1968: and Holland et ai.. Siccnem. / 7:4900. i978). such as 
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;somer2se, phosphoglucose .socerase L nf^.^ ^ ^^^^cssn;^. 
e.p.essicn -...er .es" /eH " H.r.fXr^Tp/zs 657 """" "° 

leader, wn.cn a.rects secretion of heterologoLs orotsins r,n L - '•'^"<"' 

'S selective medium consisting of 0 37% .east nit^-oarh«. n , J ^ °' ^'^ ""Sformams ,n a 

adenine and .0 .racier URA. ^ZrZ^^ ^i'l-'c n s^T'olVn '.nV'T:.'" 
Cold Spnng Harcor Laboratory. Cold Spnng Harbor. New York 1 986 Cenet,cs. 

.0 rich ir::n:rs"T;1,:^:S7x,r 'a'Xo ^ be grown for expression m a 
agm, adenine and 8o'a^ J, JraToe e sion^rth'^DHS pr 2 '1""" ""^ ^0 

gfucose. Cr.de .east supernatants are h^^ested b^ Z^TS:^! TcVZ tr'Xr ""^ 

SBEi^~ ir ~ ~~ ^^^^^^^ 

for ex^pte roe«s C127 3T3 Ch „? H ' °' "'"''""'"5 ^ appropriate vector including, 

example. L ceits, C127. 3T3. Chinese hamster ovary (CHO) HeLa anri rhk roii y.r,^^ , 

expression vectors may compose nontranscnbed e,em7n,, such l^^n of replica' n a^utl 

r^fl ^ 5 or 3 nontranslaied sequences, such as necessary ribosome bindinq sites a 
ylts t J r ''-'="P«»-' -^-«on sepLces. sac oviru 

a;o/"2«7 ^" ^ ""^-^^ ^-"P" Summers. 

vertebrae «rmrt'nVT^'f"'' '"^"'""^ » i" transforming 

I^a denied rirL n™ .f ' " ^"""""'^ '^^ P~'^°«« en^^^ers 

t^oinlf H J?' • '^f™"""' Simiar Virus 40 (SV40). and human cytomegalovirus DNA 
e^nrr viral genome, for example, SV40 ongin. early and , ate promote* 

enhancer, sp ree, and polyadenylation sites may Be used to prov,de the other genetic elements redu^™Tor 

both are obtained easily from the vin.s as a fragment which also contains the SV40 viral origin of reotono^ 
Rers et al. Nature 273:UZ. 1978). Smaller or larger SV40 fragments may also be u^r p ovid^ he 
approximately 2S0 bp sequence extending from the Hin, 3 site toward the Sg/, site locked rth^v a 
ZncBs' I '"h "^"'''^ genomic TNF-R promoter, control and/or s.gna 

mlmm^rl Ti^'i^ ''^^ ' " °' ' '"^"'^"^ '''Sn expression vector to produce a recomoinant 

a7dT.t!l . of*'"' ^.'""^"^ ' ' ^--^-P'^ «n be constructed 

as disclosed by Okayama and Serg (Mo/. Cell. Biol. 3:280 1983) 

A usehjl system for stable high level expression of mammalian receptor cDNAs m Ci27 munne 

2a93SM986r constructed substantially as described by Cosman et al. (Wo/. Immunol. 

In preferred aspects of the present invention, recombinant expression vectors comprising TNF-R cDNAs ' " 
are stably integrated into a host cell's ONA. Elevated levels of expression product is achieved by selecting 
for eel lines having amplified numbers of vector ONA. Cell lines having amplified numbers of vector ONA 
are selected, for example, by transforming a host cell with a vector compnsing a DNA sequence wmch 
encodes an enzyme which is inhibited by a known drug. The vector may also comprise a ONA seauance 
which encodes a desired protein. Alternatively, the host cell may be co-transformed with a second vector 
which comprises the DNA sequence which encodes the desired protein. The transformed or co-iransfor.T,eo 
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nost cells are then cultured .n incrsas.ng concentraticrrs' tNe ;<now,/drtjy: therecy seiec-ing fcr an c- 
resistant ceils. Such drug-resistant cells survive in increased concentrations of the toxic crug by over- 
production of the enzyme which is inhibited by the drug, frequently as a result of amplification of ^he gene 
encoding the enzyme. Where drug resistance is caused by an increase m the copy number of the vector 
ONA encoding the inhibitable enzyme, there is a concomitant co-amplification of the vector DNA encoaing 
the desired protein (TNF-R) in the host cell's ONA. 

A preferred system for such co-amplification uses the gene for dihydrofolate reductase (DHFR) which 
can oe mn.bited by the drug methotrexate (MTX). To achieve co-ampiification. a host cefl which tacks an 
active gene encoding DHFR is either transformed with a vector which composes DNA sequence encoding 
OnFR and a desired protein, or is co-transformed with a vector comprising a DNA sequence -needing 
DHFR and a vector comorising a DNA sequence encoding the desired protein. The transformed or co- 
iransrormed host celts are cultured in media containing increasing levels of MTX. and those cells lines 
wnich survive are selected. 

A particularly preferred co-amplification system uses the gene for giutamine synthetase (GS). which is 
responsible for the synthesis of glutamate and ammonia using the hydrolysis of ATP to ADP and phosphate 
to drive the reaction. GS is subject to inhibition by a variety of inhibitors, for example methionine 
sulphoximine (MSX). Thus. TNF-fl can be expressed in high concentrations by co-amplifying cells 
transformed with a vector comprising the DNA sequence for GS and a desired protein, or co- transformed 
with a vector comprising a DNA sequence encoding GS and a vector comprising a DNA sequence encoding 
the desired protein, culturirg the host cells in media containing increasing levels of MSX and selecting for 
surviving ceiis. The GS co-amplification system, appropriate recombinant expression vectors and cells lines, 
are described in the following PCT applications: WO 87.04462. WO 89/01036 WO 39/10404 and WO 
36/05307 

Recombinant proteins are preferably expressed by co-amplification of DHFR or GS in a mammalian 
host cell, such as Chinese Hamster Ovary (CHO) cells, or alternativeiy in a murine myeloma cell line, such 
as SP2'Q-Agl4 or NSO or a rat myeloma cell tine, such as YB23.0-Ag20. disclosed in PCT applications 
WO/89/10404 and WO 86/05807. 

A preferred eukaryotic vector for expression of TNF-R DNA is disclosed below in Example 2. This 
vector, referred to as pCAV/NOT, was derived from the mammalian high expression vector pDC20l and 
contains regulatory sequences from SV40, adenovirus-2. and human cytomegalovirus. 



Purification of Recombinant TNF-fl 

Purified mammalian TNF receptors or analogs are prepared by culturing suitable hostvector systems to 
express the recombinant translation products of the DNAs of the present invention, which are then purified 
from culture media or cell extracts. 

For example, supematants from systems which secrete recombinant protein into culture media can be 
first concentrated using a commercially available protein concentration filter, for example, an Amicpn or 
Miliipore Peiiicon ultrafiltration unit. Following the concentration step, the concentrate can be applied to a 
suitable purification matrix. For example, a suitable affinity matrix can comprise a TNF or lectin or antibody 
molecule bound to a suitable support. Alternatively, an anion exchange resin can be employed, for example, 
a matrix or substrate having pendant diet^ytami^cethyl (OEAE) groups. The matrices can be acryiamide. 
agarose, dextran. ceilulose or other types commonly employed in protein purification. Alternatively, a cation 
exchange step can be empioyed. Suitable cation exchangers include various insoluble matrices comprising 
sulfopropyl or carboxymethyl groups. Sulfopropyl groups are preferred. 

Finally, one or more rsversed-phase high performance liquid chromatpgraphy (RP-HPLC) steps employ- 
ing hydrophobic RP-HPLC media, e.g.. silica gel having pendant methyl or other aliphatic groups, can be 
empioyed to further purify a TNF-R composition. Some or all of the foregoing purification steps, m various 
combinations, can also be employed to provide a homogeneous recombinant protein. 

Recombinant protein produced in bacterial culture is usually isolated by initial extraction from ceil 
pellets, followed by one or more concentration, salting-out. aqueous ion exchange or size exclusion 
chromatography steps. Finally, high performance liquid chromatography (HPLC) can be employed for final 
purification steps. Microbial cells employed in expression of recombinant mammalian TNF-R can be 
disrupted by any convenient method, including freeze-thaw cycling, sonication, mechanical disruption, or 
use of cell lysing agents. 

Fermentation of yeast which express mammalian TNF-R as a secreted protein greatly simplifies 
purification. Secreted recombinant protein resulting from a large-scale fermentation can be purified by 
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-pevnccs aralogcus to those aisctosed bv Urrial al. Chrcnaio^. 296- in m^) Ts. • 

taken to recover human TNF-R from the culture. These comoonenis ordina ,,y wTbe o^ea^^^^^ o^^^^^^^^ 

W R fLe " ^"^'^ ^^^^-^'^^^^ =^'^-e enables the prod 'no 

TNF.R free of prote.ns wh.ch may be normally associated with TNF-R as it is found in nature in ,ts soeaes 
Of orrgrn, e.g. ;n cells, cell exudates or body fluids. species 



Therapeutic Administration of Recombinant Soluble TNF-R 

The present invention provides methods of using therapeutic compositions comprising an effective 
amount of soluble . NF-R prote.ns and a suitable diluent and carrier, and methods for suppress.ng tnf 
TNF^.RTotr^'"'"^'^^ responses in humans compnsing administering an effective amount of soluble 

For therapeutic use, purified soluble TNF-R protein is adm.nistered to a patient, preferably a human for 
treatment m a manner approphaie to the indication. Thus, for example, soluble TNF-R protein compositions 
can be administered by bolus injection, continuous infusion, sustained release from implants or other 
suitable technique. Typically, a soluble TNF-R therapeutic agent win be administered in the form of a 
composition compns.ng purified protein in conjunction with physiologically acceptable carriers, excipients or 
diluents Such carriers w.ll be nontoxic to recipients at the dosages and concentradons employed 
Ordmarily, the preparation of such compositions entails combining the TNF-R with buffers, antioxidants such 
as ascorbic acid, low molecular weight (less than about 10 residues) polypeptides, proteins, ammo adds 
carbohydrates including glucose, sucrose or dextrins. chelating agents such as £OTA. glutathione and other 
stabilizers and excipients. Neutral buffered saline or saline mixed with conspecific serum albumin are 
exemplary appropriate diluents. Preferably, product is formulated as a lyophilizate using appropriate 
excipient solutions {e.g.. sucrose) as diluents. Appropriate dosages can be determined in ti-ials. The amount 
and frequency of administration will depend, of course, on such factors as the nature and severity of the 
indication being treated, the desired response, the condition of the patient, and so forth. 

Soluble TNF-R proteins are administered for the purpose of inhibiting TNF-dependent responses A 
variety of diseases or conditions are believed to be caused by TNF. such as cachexia and septic shock In 
addition, other key cytokines (IL-i. iL-2 and other colony stimulating factors) can also induce significant host 
producoon of TNF. Soluble TNF-R compositions may therefore be used, for example, to treat cachexia or 
septic shock or to treat side effects associated with cytokine therapy. Because of the primary roles IL-i and 
IL-2 play m the production of TNF. combination therapy using both IL-1 receptors or IL-2 receptors may be 
preferred m the treatment of TNF-associated clinical indications. 

The following examples are offered by way of illustration, and not by way of limitation. 



EXAMPLES 



Example 1 



Binding Assays 



A. Radiolabeling of TNFa and TNF^. Recombinant human TNFa. in the form of a fusion protein 
containing a hydrophilic octapeptide at the N-terminus. was expressed in yeast as a secreted protein and 
punfied by affinity chromatography (Hoop et a).. aio/Technofogy S:1204. 1988). Purified recombinant 
human TNF^ was purchased from R&D Systems (Minneapolis. MN). Both proteins were radiolabeled 
using the commercially available solid phase agent. lOOO-GEN (Pierce). In this procedure, 5 ag of 
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lOOO-GEN were olatsd at the bcttom nf a in . «™ . "■ - 

«.<h /5 ai o, OA M sod.um phcsorata. pH 7.4 ana 20 (2 mCi) Na ='1. -h,s solufor was Te^ 
transferred to a second glass tube contaming 5 TNF, (or TNFi) in 45 ul PBS for 20 X,es at 4 ' C 
,he reactton n„,,ure .as tractionatea oy ge, tiltrai.on on a 2 m, bed volume of SeohLTG 25 ,S cna, 
equ,l,ora ed ,n Hos-*ell Park Memonal Institute (flPM,) , S40 mediur. containing 2 5% (.', '0^^ 

poo ..( -^=I-TNF was d,l.tea ,0 a working stock solution of 1 . 10"' f.1 in b.nding medium and'stcr'ed t 
UP to one month at 4 c without detectable loss of receptor b.na.ng activity The soec^ .v "/ 

Lfhnr.li? '"'"^ '''"'^ "'^^^ ^^"^ °V r^o .methods, in ..e ^rst 

(e^.. Wt26-VA4. COS ceils expressing the recomdmant TNF receptor). Adherer.! cells were subseauen'v 
removed by treatnnent ..th SmM EDTA treatment for ter. r.,nute3 at 37 degrees centigrade 3.nc g 
assays were then performed by a pthalate oil separation method (Dower et al.. J. Immunol /L75, 
1984) essentrany as described by Park et al. U Sioi Cr^em. 2S1AM7, 1986). Non-specfic b.nding of 
" J .ZT '^^^'''^'^ °^ ^ 200-fold or greater molar excess of unlaoeled TNF. Sodium 

azide (0.2.^) was included in a binding assay to inhibit internalization of ^^^l-TNF by cells in the second 
method. COS cells transfected with the TNF-R-conta.n,ng plasmid. and expressing TNF receptors on ;he 
Tsc^ncelZ'saS^^^ ''"'"^ ^'""^ '''^'^^^ ^'^'^ '^'^^ described by Sims et al. 

C. Sana Phase ainding Assays. The ability of TNF-a to be stably adsorbed to nitrocellulose from 
detergent extracts of numan cells yet retain TNF-binding activity prov.ded a means of detecting TNF-R 
Cell extracts were prepared by mixing a cell pellet with a 2 x volume of PBS containing i% Triton X-lOO 
and a cocktail of protease inhibitors (2 mM phenylnaethyl sulfonyl fluoride, iO uM pepstatin 10 ilm' 
leupeptin. 2 mM o-phenanthroiine and 2 mM £GTA} by vigorous vortexing. The mixture was incubated 
on rce for 30 mmutes after which it was centrifuged at I2.000x g fons minutes at 3' C to remove nuclei 
and other debns. Two 'microliter aliquots of cell extracts were placed on dry 8A85/21 nitrocellulose 
memoranes (Schleicher and Schuell, Keene. NH) and allowed to dry. The membranes were incubated ,n 
tissue culture dishes for 30 minutes in Tris (0.05 M) buffered saline (0.15 M) pH 7.5 containing 3% w.-v 
BSA to block nonspecific binding sites. The membrane was then covered with 5 x 10"" M '^si-TNF in 
PBS + 3% BSA and incubated for 2 hr at 4* C with shaking. At the end of this time, the membranes 
were washed 3 trmes in PBS. dried and placed on Kodak X-Omat AR film for 18 hr at -70 ' C. 

Example 2 



'^o'^t'O" 2! »uman TNF-R cQNA by Direct Expression of Active Protein in COS-7 Cells 



Various human celt lines were screened for expression of TNF-R based on their ability to bind '^l- 
labeied TNF. The human fibroblast cell line WI-26 VA4 was found to express a reasonable number of 
receptors per cell. Equilibrium binding studies showed that the celt line exhibited biphasic binding of --^^i. 
TNF with approximately 4.000 high affinity sites (K. = 1 x lO'" M* ) and 15,00 low affinity sites (K. = i x 
10« M-') per cell. 

An unsized cONA library was constructed by reverse transcnption of polyadenylated mRNA isolated 
from total RNA extracted from human fibroblast WI-26 VA4 ceils grown in the presence of pokeweed 
mitogen using standard techniques (Gubter. et al.. Gene 25:263. 1983; Ausubel et al. eds.. Current 
Protocols in Molecular Biology, Vol. 1. 1987). The cells were harvested by lysing the cells in a guanidine 
hydrocnioride solution and total RNA isolated as previously described (March et al.. Nature J/5:64l. 1985). 

Poly A RNA was isolated by oligo dT cellulose chromatography and double-stranded cONA was 
prepared by a method similar to that of Gubler and Hoffman (Gene 25:263. 1383). Briefly, the poly A* RNA 
was converted to an RNA-cDNA hybnd by reverse transcriptase using oligo dT as a primer. The RNA<ONA 
hybrid was then converted into double-stranded cDNA using RNAase H m combination with ONA poly- 
merase I. The resulting double stranded cONA was blunt-ended with T4 Cna polymerase. To the biun.t- 
ended cDNA is added fcdfl! linker-adapters (having internal Nan sites) wi^ich were phosphorylated on only 
one end (Invitrogen). The linker-adaptered cONA was treated with T4 polynucleotide kinase to 
phospnorylate the 5 overhanging region of the linker-adapter and unlig^tad linkers were removed by 
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A Practical Approach. Giover. ea.. IRL P -ss 07 '9-73, C ^ . t ° ^''^ "^■'"'"S' 

oanicles us.ng a co^n^ercialiy ava„3b,e ., 0 generate i bTar^'oTL. ''f'^'' ="=5^ 

Systems. San Diego. CA. USA). Recombinants were lu^er amo L J l, "'■""''^ 
of £ CO// strain c600(hf|-). ampimea oy slating pnage on a oacter.ai .awn 

Phage DNA ™as punfiea from the resulting xgtio cONA 'ibrar. ,ho 

ces,gn^~i:°o7AsX:cls1^s:ir,tstX^^^^^^ -'c^ 

cells. pCAV.NOTwas assembled from pOC20i (a der^a le of oMlL """" "'""'^"^ 
al.. ^arore J,^ -S8. ,984,. SV« and cytomeg t,w Tna nd com„^^^^^^^^ 

of transcription from the ongin of replication- m SV« sele^^« " ''^ ="'^'=»°" 
origin o. rep„ca.on. enhancer sequence and ea^^ at" o oZr?"^^^^^^ 

including the promoter and enhancer regions ,nuc, 0 des 7,' 0 T 3 'm ZZT'°'''"' """^""^ 

Boecharr =t al rCslI 4V'^:>y iQfl«;\. ,.h« vjuuws o/i ,o +b3 from the sequence published bv 

intrcn ^etwt" h?f:s:in1;'e:!nd*e:o^s~^^^^^^ - °' ^"^ 

of the tripartita leader and a multiple cloning site (MCS) corn! !f , T °' '"''^ 

gere and origin of replication. containing the amp.c.li.n resistance 

The resuiting Wl-26 VA4 cONA library in pCAV/NOT was used to transform E co// strain Dhs. .nH 

;=v^xrc=~ 

Piasmid DMA prepared from each poo,. The pooled DNA Las Z usJdTtr^s^ a ub^nVTrT ' 

T ''"owed by chloroduine :ra,me7ardesc*e^^^ 

ai. iNucl. Aces Res. ;f:,29S. ,983) and McCutchan e, al. U Natl. Cancer Inst ^^s^,tls^ T.^l 

::iT """" '''' ^ ^^'^^ expression" the nseae^sZences A«^ 

^ In = ~ ''^'^'^'^'^ ^'^^^^^^ ^0 ^nolayer, in each p.ate a^ay^ fo'r TNF 

.rtrt^, ?■ °' ='"'^'"'"9 '-2 ' M '«,-labeied FLAGS TNI^ was 

nd^a^h ""hJ?* '"'""'"^ * ^'^ '"«<^'"'" then discLed 

TeS^e JdL J "'"^'"3 -edium (containing no labeled TNF, and twice w t^ Id 

for 72^ou!s a, 7nV ' "^'^ '""""9 a flat disK which was contacted with X-ray film 

f°ms It a dL J ^;"'«""Vi"9 screen. TNF binding activity was visualized on the exposed 

films as a dart< focus against a relatively uniform background =«pu=eu 

After approximately 240.000 recombinants the library had been screened in this manner, one transfec- 
exposure."'' '° ™' """'"^ '"^ ^P^^"' against the bac4our!d 

* f'O^fn stock of bacteria from the positive pool was ttien used to obtain plates of approximately iSO 
I Z-DNf "^'^ °" nitrocellulose filters, and the plates were ^en scr d and 
plasmid DNA prepared and transfected as described above ,0 identify a positive plate. Bacteria frorn 
st to nb«rT ™ '^'^^ °' grown in 0.2 ml cultures, wn.ch were 

,nl ^,n I ' r • """^'"''^ « descnbed above. ,n :h,s manner a 

single done, clone 1. was isolated which was capable of inducing expression of human TNF-R in COS cells 

ImUTr'^VT^V"^*'''"'"^ ""'"'"'"S =l°"e ' ''as seen deposited with the 

American Type Culture Collection. 12301 Parklawn Drive. Rockville. IvIO 208S2. USA (Accession No. 68088) 
under the name pCAV.NOT-TNF-fl. on 6th Sept. ,989. 
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■ ,1 * *• 

A cONA encocing a soluble huTNF-RA235 (having the soqueoce-0* .-smrno acids *i-235 of rlgure 2Ar 
was constructeo'by excising an 840 bp rragment fronn pCAV.NOT-TNF-R with the restriction enzymes Notr 
and Pvu2. Nott cuts at the multiple cionmg site or pCAV.NOT-TNF-R ana Pvu2 cuts within the TNF-R 
coding region 20 nucleotides 5 or the transmembrane region. In order to reconstruct the 3' end of the TNF- 
R sequences. >o oligonucleotides were synthesized and annealed to create the following oiigonucieotice 
linker: 

?vu2 Bamrtl 3gl2 

CTGAAGGGAGCACTGGCGACTAAGGATrCA 

GACTTCCCTCGTGACCGCTGA-TCCTAGGTCTAG 
AlaGluGIvSerThrGlvAsp gr.d 

This oligonucleotide linker has terminal Pvu2 and Bgl2 restriction sites, regenerates 20 nucleotides of the 
TNF-R, followed by a termination codon (underlined) and a BamHl restriction site (for convenience in 
isolating the entire soluble TNF-R by Notl/8amHi digestion}. This oligonucleotide was then ligated with the 
340 bp Noti Pvu2 TNF-R insert into 8gi2'Not1 cut pCAV/NOT to yield psolhuTNF-R/^3SCAVNOT, which 
was transfected into COS-7 cells as described above. This expression vector induced expression of soluble 
human TNF-R which was capable of binding TNF. 



Example 4 



Constoiction of cDNAs Encoding Soluble huTNF-RAi85 

A cDNA encoding a soluble huTNF-RAl85 (having the sequence of amino acids 1-185 of Figure 2A) 
was constructed by excising a 340 bp fragment from pCAV/NOT-TNF-R with the restriction enzymes Noti 
and Bgl2. Noti cuts at the multiple cloning site of pCAV/NO-TNF-R and Bgl2 cuts within the TNF-R coding 
region at nucleotide 637. which is 237 nucleotides 5 of the transmembrane region, Tne following 
oligonucleotide linkers were synthesized: 

Bgl2 

S • -GATCTGTAACGTGGTGGCCATCCCTGGGAATGCAAGCATGGATGC-3 ' 
ACATTGCACCACCGGTAGGGACCCTTACGTTCG 
IleCysAanValValAlalleProGlyAanAlaSerMetAspAla 



Net! 

5'- AGTCTGCACGTCCACGTCCCCCACCCGGISAGC -3' 

TACCTACGTCAGACG7GCAGGTGCAGGGGGTGGGCCACTCGCCGG 
VaiCysThrSerXhrSerProThrArgEnd 

The above oligonucleotide linkers reconstruct the 3 end of the receptor molecule up to nucleotide 708. 
followed by a termination codcn (underlined). These oligonucleotides were then ligated with the 640 bp 
Noti TNF-R insert into Noti cut pCAV.-NOT to yield the expression vector psoiTNFRAiSS/CAVNOT. which 
was transfected into COS-7 cells as described above. This expression vector induced expression of soluble 
human TNF-R whicn was capable of binding TNF. 



Exannple 5 



Construction of cONAs Encoding Solubie huTNF-RAl63 
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A cDNA-enccCng a soluble huTNF-R:ii63 (having the sequence of ammo ac.-ds i-i53 of =icur.' 
■^as constructed by e.c.s.ng a 640 bp fragment from from pCAV/NOT-TNF-R w.th the restnction t " ' 
Noti and Bgl2 as descr.bed .n Example The fol,ow,ng oligonucleotide l.n.ers we e syn he z c^ 



3gi2 Noel 

ACAACTCGCCGG 
IleCy3£nd 



This above ohgonudeotide linker reconstructs the 3 end of the receptor molecule up to nucleotide 542 
{amino ac.d 1d3). followed by a termination codon (underlined). This cligonucleonde was then legated with 
the o-«] bp Notl TNF-R insert into Noti cut pCAV/NOT to yield the expression vector 
PSOITNFRA163/CAVNOT, which was transfected into COS-/ cells as described above. This expresTcn 
vector mduced expression of soluble human TNF-R whicn was capable of binding TNF in the bindinn assav 
descnbed in Example 1. ^ y o^sdy 



Example 6 



Construction of cDNAs Encoding Soluble huTNF-R^t 42 



A cONA encoding a soluble huTNF-RAi42 (having the sequence of amino acids 1-142 of Rgure 2A) 
was constructed by excising a 550 bp fragment from from pCAV/NOT-TNF-R with the restriction enzymes 
Noti and AlwNI. AtwNl cuts within the TNF-R coding region at nucleotide 549. The following 
oligonucleotide linker was synthesized: 



Bgl2 Noti 
5 ' -CT(3AAACATCAGACGTGGTGTGCAAGCCCTG71iflA-3 ' 
CTTGACTTTGTAGTCTGCACCACACGTTCGGGACAATTTCTAGA 

End 

This above oligonucleotide linker reconstructs the 3' end of the receptor molecule up to nucleotide 579 
(amino acid 142). followed by a termination codon (underlined). This oligonucleotide was then ligated with 
the 550 bp Nctl/AIwNl TNF-R insert into Notl.'Bgl2 cut pCAVNOT to yield the expression vector 
PS0ITNFRA142/CAVN0T. which was transfected into COS-7 ceils as described above. This expression 
vector did not induced expression of soluble human TNF-R which was capable of binding TNF. !t is 
believed that this particular construct failed to express biologically active TNF-R because one or more 
essential cysteine residue (e.g.. Cys=" or Cys'") required for intramolecular bonding (for formation cf the 
proper tertiary structure of the TNF-R molecule) was eliminated. 



Example 7 



Expression of Soluble TNF Receptors in CHO Cells 



Soluble TNF receptor was expressed in Chinese Hamster Ovary (CHO) cells using the glutamine- 
synthetas© (GS) gene amplification system, substantially as described in PCI patent application Nos. 
WO87,04462 and WO89/01036. Briefly. CHO cells are transfected with an expression vector containing 
genes for both TNF-R and GS. CHO cells are selected for GS gene expression based on the ability of the 
transfected DNA to confer resistance to low levels of methionine sulphoximine (MSX). GS sequence 
amplification events in such cells are selected using elevated MSX concentrations In* this way. contiguous 
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TiNF-R secuences are aiso amoiified ana enhanced TNF-R express'on ■? achipved. * * 

The vectorTjsed in ;he GS expression system was psolTNFR,P6.PSVLGS. whicr. was ccnstruc:eG =s 
follows. First, the vector pSVLGS.l (described in PCT Acplicatfon Nos. W087 04462 and WO89.-01036 ana 
available from Ceiltech. Ltd.. Berkshire. UK) was- cut w.th :he 3amHi restncticn enzyme and ae- 
5 phosphorylated with calf intestinal alkaline phosphatase (ClAP) to prevent the vector from religating ;o (tseif. 
The BamHi cut pSVLGS.l fragment was then hgated to a 2.4 kb 3amHi to Bgi2 fragment of pEEShCMV 
(described in PCT Application No. WG89/01036. also available from Celitech) whrcn was cut with 3gl2. 
BamHi and Fspl to avoid two fragments of similar size, to yield an n.2 kb vector designated 
pSrPSVLGS.I. pSVLGS.l contains the giutamine synthetase selectable marker gene under control of the 
ro SV40 later promoter. The BamHi to Bgl2 fragment of pEEShCMV contains the human cytomegalovirus 
major immeciate early promoter (hCMV). a polylinker. and the SV40 early polyadenyiation signal. The 
coding sequences for soluble TNF-R were added to p6/PSVLGS.i by excising a Notl to BamHi fragment 
from the expression vector psolTNFRCAVNOT (made according to Example 3 above), blunt ending w,:h 
Klenow and ligating with Smal cut dephosphorylated p6/PSVLGS.l. thereby placing the soiTNF-R coding 
:5 sequences under the control of the hCMV promoter. This resulted in a single ptasmid vector in which the 
SV40/GS and hCMB/solTNF-R transcription units are transcribed in opposite directions. This vector was 
designated psolTNFR/P6/PSVLGS. 

PS0ITNFRP6.PSVLGS was used to transfect CHO-Kl cells (available from ATCC. Rcchville. MD, under 
accession number CCL 61) as follows. A monolayer of CHO-Kl ceils were grown to subconfiuency m 
20 Minimum Essential Medium (MEM) lOX (Gibcoi 330-1 581 AJ) without giutamine and supplemented with 
10% diatysed fetal bovine serum (Gibco: 220-6300AJ), 1 mM sodium pyruvate (Sigma). MEM non-essential 
amino acids (Gibco; 320-1 140AG). SOO uM asparagine and glutamate (Sigma) and nucleosides (30 uM 
adenosine, guanosine. cytidine and uridine and 10 ixM thymidine)(Sigma). 

Approximately l x 10* cells per 10 cm petri dish were transfected with 10 ug of psolTNFR/P6/PSVLGS 
25 by standard calcium phosphate precipitation, substantially as descnbed by Graham i van der £b. Virology 
52:456 {1983). Cells were subjected to glycerol shock (15% glycerol in serum-free culture medium for 
approximately 1 .5 minutes) approximately 4 hours after transfection. substantially as descnbed by Frost & 
Williams. Virology 37:39 (1978), and then washed with serum-free medium. One day later, transfected ceils 
were fed with fresh selective medium containing MSX at a final concentration of 25 uM. Colonies of MSX- 
30 resistant surviving cells were visible within 3-4 weeks. Surviving colonies were transferred to 24-well plates 
and allowed to grow to confluency in selective medium. Conditioned medium from confluent wells were 
then assayed for soluble TNF-R activity using the binding assay described in Example l above. These 
assays indicated that the colonies expressed biologically active soluble TNF-R. 

In order to select for GS gene amplification, several MSX-resistant cell lines are transfected with 
35 psolTNFR/P6/'PSVLGS and grown in various concentrations of MSX. For each cell line, approximately lxlO« 
cells are plated in gradually increasing concentrations of 100 uM, 2S0 uM, 500 uM and i mM MSX and 
incubated for 10-14 days. After 12 days, colonies resistant to the higher levels of MSX appear. The 
surviving colonies are assayed for TNF-R activity using the binding assay described above in Example i. 
Each of these highly resistant cell lines contains cells which arise from multiple independent amplification 
40 events. From these cells lines, one or more of the most highly resistant cells lines are isolated. The 
amplified cells with high production rates are then cloned by limiting dilution cloning. Mass cell cultures of 
the transfectants secrete active soluble TNF-R. 



-15 Example 8 



50 



Expression of Soluble Human TNF-R in Yeast 



Soluble human TNF-R was expressed in yeast with the expression vector plXY432. which was derived 
from the yeast expression vector plXYl20 and plasmid pYEP352. plXYl20 is identical to pYaHuGM (ATCC 
53157). except that it contains no cDNA insert and includes a poly linker-multiple cloning site with a Ncoi 
55 restriction site. 

A ONA fragment encoding TNF receptor and suitable for cloning into the yeast expression vector 
piXYi20 was first generated by polymerase chain reaction (PGR) amplification of the extracellular portion of 
the full length receptor from pCAV NOT-TNF-R (ATCC 68088). The following primers were used in this PGR 
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amofific$iion: ' - ■ - 



5' End Primrr 

5 

A3p7L9->?roLeuA5pLy5ArgA3pTyrLy3A3p 

GACGATGACAAG7TGCCCGCCCAGGrGGCAT-ACA-3 • 

70 '"^^ '"^ > 

3' End Primer f^nriSffnif} 

and those encoding 3 am.no acds of ,°e ^LAsTpe or,i?oT rUsI^^^^ <Pro-Leu.Asp.Lys.A.g, 
sequence encoding the 5 end of the mattire receotor f'''^>'''-''*'P*sPAspAspLys) fused to 

5:t204, ,988) is a highly an„genic se,,.ence w« ^reverl b^^f ,h ^ ^"""^ " " ■ a°/'-«='"'o'»Sy 
92S9). The oligonucLtide used to gene ate me end ^ *e PCRr™^''- 

strand of DNA encoding sequences «hich terming * PCR-denved fragment is the antisense 

0, the mature coLT^:^:;: zz'^^zzT:^::^^^^^ 

introducing a TAA stop codon (underlined! Th- , - P™««^'"9 the transmembrane domain) by 
The DNA 'sequences -c^ Inf-r ^L^^^^^X^^ ' 

e.r:::.o:^r;^r.;;?gr^ - .e yea. 

enzymes, digesdng p.XY,20 «,m BamH, and Asp7,8 and liqae™Te Pcr fr^.n, , f 

Plasmid P.XY432. which was transfornied -nto Eco// strain RRi ^ ^'^^^^^^'^^ 

To assess secretion of the soluble human TNF receptor from veast niYY4?d ^« . 
introduced into a diploid /east strain of 5 carevisiasi^^ J.T f P*""*'®^ ^^'^ 

removal of cells by centr.fugat.on. and filtration of supernatants through OASu. filters 

supemat^s' I'^lutS^^/^.T' immuno-dotblot. Briefly. . ul of 
rft^r^ no nnn ,!ir?, suPematants, were spotted onto nitrocellulose filters and allowed to dry, 

De oxtdlse conlr^i f?"""' ^"^ <=' ^O'^'adish 

^!^nn« ""'"9*'*^ antt-mouse igG antibodies were incubated -..th the filters. After removal of excess 
econdary ant,bod.es. peroxidase substrates were added and color development was allowed^ proce^ fo 
approximately 10 minutes prior to removal of the substrate solution 

The anti-FLACa reactive material lound in the supernatants cencnstrated that significant levels of 
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receotor were secretec: by both expression systems. Connparisorrs derrcnsrateo thcr :he kIXY432 syst:^,-:: 
secreted apprcxtnnately 3-16 tinnes nnore soluble human TNF receptor than the piXY424 system The 
supernatams were assayed for soluble TNF-R activity, as described in Example i. by the.r aoiiity tc b.nd 
•-'^l-TNFa and block TNFa binding. The plXY432 jupematants were found to contain significant leveis of 
5 active soluble TNF-R. 



Example 9 



Isolation of Murine TNF-R cDNAs 

?5 Murine TNF-R cONAs were isolated from a cONA library made from murine 7B9 ceils, an antigen- 
dependent helper T cell line derived from C57BL6 mice, by cross-species hybridization with a human TNF- 
R probe. The cDNA library was constructed in xZAP (Stratagene. San Diego), substantially as described 
above in Example 2. by isolating potyadenylated RNA from the 789 cells. 

A double-stranded human TNF-R cONA probe was produced by excising an aoproximately 3.5 kb Noti 

20 fragment of the human TNF-R clone i and "p-iabeling the cDNA using random primers (Boehnnger- 
Mannheim). 

The murine cONA library was amplified once and a total of 900.000 plaques were screened, substan- 
tially as described in Example 2. with the human TNF-R cDNA probe. Approximately 21 positive plaques 
were purified, and the Sluescript plasmids containing Ecofll-linkered inserts were excised (Stratagene, San 
25 Oiego). Nucleic acid sequencing of a portion of murine TNF-R clone 1 1 indicated that the coding sequence 
of the munne TNF-R was approximately 88% homologous to the corresponding nucleotide sequence of 
human TNF-R. A partial nucleotide sequence of murine TNF-R cDNA clone It is set forth in Figures 3A-3B. 

30 Example 10 



35 



Preparation of Monoclonal Antibodies tc TNF-R 



Preparations of purified recombinant TNF-R. for example, human TNF-R. or transfected COS ceils 
expressing high levels of TNF-R are employed to generate monoclonal antibodies against TNF-R using 
conventional techniques, for example, those disclosed in U.S. Patent 4,411.993. Such antibodies likely to be 
00 useful in interfering with TNF binding to TNF receptors, for example, in ameliorating toxic or other 
undesired effects of TNF. or as components of diagnostic or research assays for TNF or soluble TNF 
receptor. 

To immunize mice. TNF-R immunogen is emulsified in complete Freund's adjuvant and injected in 
amounts ranging from 10-100 ag subcutaneous ly into 8alb/c mice. Ten to twelve days later, the immunized 

45 animals are boosted with additional immunogen emulsified in incomplete Freund's adjuvant and periodically 
boosted thereafter on a weekly to biweekly immunization schedule. Serum samples are periodically taken 
by retro-orbital bleeding or taii-tip excision for testing by dot-blot assay (antibody sandwich) or ELISA 
(enzyme-linked immunosorbent assay). Other assay procedures are also suitable. Following detection of an 
appropriate antibody titer, positive animals are given an intravenous injection of antigen in saline. Three to 

50 four days later, the animals are sacrificed, splenocytes harvested, and fused to the murine myeloma cell 
line NSl. Hybridoma cell lines generated by this procedure are plated in multiple microliter plates in a HAT 
selective medium (hypoxanthine. aminopterin. and thymidine) to inhibit proliferation of non-fused celts, 
myeloma hybrids, and spleen cell hybrids. 

Hybridoma clones thus generated can be screened by ELISA for reactivity with TNF-R, for example, by 

55 adaptations of the techniques disclosed by Engvall et at.. Immunochem. S:87i (1971) and in U.S. Patent 
4.703.004. Positive clones are then injected into the peritoneal cavities of syngeneic Balb/c mice to produce 
ascites containing high concentrations (>l mg/ml) of anti-TNF-R monoclonal antibody. The resulting 
monoclonal antibody can be purified by ammonium sulfate precipitation followed by gel exclusion 
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5 Claims 

K isolated ONA seouencs encoding a biologically active mammalian TNF receotor (TNF-a) orotein 
^, "n^'f ™' .0 Claim ,, selected from the group ccns,s,!ng of 

iWDNA sequences capable of hybridization to the clones of (a, under moderately stnngent conditions 
(50 C. 2 X SSC) and «n,ch encode biologically active TNF-R prctem- and ' • 

(C) DNA sequences which are degenerate as a result of the genetic code to the ONA sequenc-s defined 
(a) and ib) and wnicn encode biologically active TNF-R protein «quenc-s oetmed 

5 3. An .soiated ONA sequence according to claim 1 which encodes a soluble human TNF-R protein 

ti^^ln 't"° '^"^T """"^"^ '° """"'^ ^l^-f B'O'ein has'an ammo 

aad sequence comBrises the sequence of amino acid residues 1-x of Rgure 2A. wherein x is selected from 
the group consisting of amino acids 163-235 

5^ An isolated ONA sequence according to claim 3. wherein the soluble human TNF-R protein comorises 
0 the sequence of amino acids 1-235 of Rgure 2A. ^u.npnaes 
tn.T'' sequence according to cla.m 5. wherein amino acid residue 46 is selected from the group 
consisting. of lie and Thr and amino acid residue 118 is selected from the group consisting of Val and lie 
7^ An .soiated ONA sequence according to claim 3. wherein the soluble human TNF-R protein comprises 
the sequence of amino acids 1-185 of Rgure 2A. r- k ^ 

S An isolated ONA sequence according to claim 3. wherein the soluble human TNF-R protein compnses 
the sequence of amino acids 1-163 of Rgure 2A. 

9. A recombinant expression vector compnsing a ONA sequence according to any one of claims 1-8 

10. A process for preparing a biologically active mammalian TNF receptor (TNF-R) protein comprising 
cultunng a suitable host cell comprising a vector according to claim 3 under conditions promoting 
expression. ^ 
n. A purified biologically active mammalian TNF receptor (TNF-R) protein. 

12. A purified biologically active soluble human TNF-R protein. 

13. A purified biologicaity active TNF-R protein according to claim 12. comprising the sequence of am.no 
acid residues 1 -235 of Rgure 2A. 

14. A purified biologically acrtve TNF-R protein according to claim 12. comprising the sequence of amino 
acid residues 1-185 of Rgure 2A. 

15. A purified biologically active TNF-R protein according to claim 12. comprising the sequence of amino 
acid residues 1-1 63 of Rgure 2A. 

16. The use of a mammalian TNF-R protein in preparing a medicament for regulating immune responses in 
mammais. 

17. The method of claim 16, wherein the TNF-R protein is human TNF-R and the mammal to be treated is a 
hUiTian. 

18. rne use of mammalian TNF-R protein in preparing a pharmaceutical composition suitable for parenteral 
administration to a human patient for regulating immune responses. 

19. A process for detecting TNF or TNF-R molecules or the interaction thereof, comprising use of a 
mammalian TNF receptor protein, a soluble TNF receptor protein capable of binding TNF or substantially 
similar TNF-R analog produced by recombinant cell culture. 

20. Antibodies immunoreactive with mammalian TNF receptors. 

Claims for the following Contracting State: ES 

1. A process for preparing a purified mammalian TNF receptor (TNF-R) protein, the process comorismg 
coupling together successive amino acid residues by the formation of peptide bonds to form a TNF-R 
polypeptide. 

2. A process according to claim 1 . wherein the TNF-R protein is a soluble human TNF-R protein. 

3. A process according to claim 2, wherein the soluble TNF-R protein has an ammo acid sequence 
comprising the sequence of amino acid residues i-x of Rgure 2A. wherein x is selected from the group 
consisting of amino acids 163-235. 
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4. A process according to claim 3. wherein the soluble TNF-Vl prpteio;t3as 5n amio .acid' sequence' 'vhc^' 
ccmpnses the sequence of amino acrd residues 1-235 of Figure 2A. 

5. A process according to claim 3. wherein the soluble TNF-R protein has an amio acid sequence which 
compnses the sequence of amino acid residues 1-185 .of Figure 2A. 

5 3. A process according to claim 3. wherein the soiuble TNF-R protem has an amio acid sequence which 
comprises the sequence of amino acid residues l-i63 of Figure 2A. 

7. The use of a mammalian TNF-R protein in preparing a medicament for regulating immune responses in 
mammals. 

8. The use of a mammalian TNF-R protein in preparing a pharmaceutical composition suitable for parenteral 
io administration to a human patient for regulating immune responses. 

9. A process for preparing a DNA sequence encoding a mammalian TNF receptor (TNF-R) protein, the 
process comprising coupling together successive nucleotide residues. 

10. A process for preparing a DNA sequence according to claim 9. wherein the ONA sequence encodes a 
soluble human TNF-R protein. 

fS 1 1. A process for preparing a DNA sequence according to claim 10, wherein the ONA sequence encodes a 
soluble TNF-R protein having an amino acid sequence comprising the sequence of amino acid residues i-x 
of Figure 2A. wherein x is selected from the group consisting of amino acids 163-235. 

12. A process for preparing a DNA sequence according to claim 10. wherein the ONA sequence encodes a 
soluble TNF-R protein having an amio acid sequence which comprises the sequence of amino acid 

20 residues 1-235 of Figure 2A. 

13. A process for preparing a ONA sequence according to claim 10, wherein the ONA sequence encodes a 
soluble TNF-R protein having an amio acid sequence which comprises the sequence of amino acid 
residues 1-135 of Figure 2A. 

14. A process for preparing a DNA sequence according to claim 10. wherein the DNA sequence encodes a 
25 soluble TNF-R protein having an amio acid sequence which comprises the sequence of amino acid 

residues 1-163 of Figure 2A. 

15. A process for preparing- a DNA sequence according to claim 9. said ONA being selected from the group 
consisting of: 

(a) cDNA clones having a nucleotide sequence derived from the coding region of a native mammalian 
30 TNF-R gene: 

(b) ONA sequences capable of hybridization to the denes of (a) under moderately stringent conditions 
{50 * C. 2 X SSC) and which encode biologically active TNF-R protein; and 

(c) ONA sequences which are degenerate as a result of the genetic code to the DNA sequences defined 
in (a) and (b) and which encode biologically active TNF-R protein. 

55 16. A process for preparing a ONA sequence according to claim 9. said DNA encoding a TNF-R protein 
having the sequence of amino acids of the TNF-R protein expressed by pCAV NOT-TNF-R (ATCC 68088). 

17. A process for preparing a recombinant expression vector, comprising ligating bacterial, yeast or 
mammalian expression vector ONA and a ONA sequence encoding a human TNF-R protein sequence. 

18. A process for preparing a mammalian TNF-R or an analog thereof, comprising culturing a suitable host 
4Q cell comprising a vector prepared according to claim 17 under conditions promoting expression. 

19. A process for detecting TNF or TNF-R protein molecules or the interaction thereof, comprising use of a 
mammalian TNF-R protein, a soluble TNF-R protein capable of binding TNF or substantially similar TNF-R 
analog produced by recombinant cell culture. 

20. A process for the preparation of antibodies immunoreactive with TNF receptor, the process comprising 
J5 either (a) culturing a hybridoma cell expressing the antibodies and harvesting the antibodies, or (b) 

harvesting antibodies immunoreactive with TNF receptor from an appropriately immunised animal. 

Claims for the following Contracting State: GR 

50 1. An isolated ONA sequence encoding a biologically active mammalian TNF receptor (TNF-R) protein. 

2. An isolated DNA sequence according to claim i . selected from the group consisting of: 

(a) cDNA clones having a nucleotide sequence derived from the coding region of a native mammalian 
TNF-R gene: 

(b) ONA sequences capable of hybridization to the clones of (a) under moderately stringent conditions 
55 (50* C. 2 X SSC) and which encode biologically active TNF-R protein: and 

(c) ONA sequences which are degenerate as a result of the genetic cede to the DNA sequences defined 
in (a) and (b) and which encode biologically active TNF-R protein. 

3. An isolated DNA sequence according to claim 1 which encodes a soluble human TNF-R protein. 
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^, An :soiaiaa DNA sequence accorcmg :o cla.m 3. vvherein the soluble human TNF-R protein ras ^m,',, 
aad secuence ccmpris.ng :ne seauence of am.no aca res.dues of Figure 2A. wne ain ^slei^ 
from the group consisting of ammo aciGs 163-235 seieceo 
5^ An isolated DNA seauence according to claim 3, wherein :ne soluble human TNF-R protein comonses 
the secuence of ammo acids t-235 of Figure 2A. comprises 
3^ An isolated DNA sequence according to claim 3. wherein the soluble human TNF-R protein ccmcnses 
me sequence of amino acids M35 of Figure 2A. ccmcnses 

7. An isolated DNA sequence according to claim 3. wherein the soluble human TNF-R protem comprises 
the secuence or ammo acids M63 of Figure 2A. comprises 

8. A ONA sequence according to claim 3. wherein amino acid residue 46 is selected from the arouo 
consisting of ile and Thr and ammo add residue n8 ,s selected from the group cons-sfng of and Z 

9^ A recombinant expression vector comprising a ONA sequence according to any one of claims 1-7 ' 
10 A process for preparing a punfied mammalian TNF receptor (7NF-R) protein, the process comorismg 
coupling .ogether successive amino acid residues by the formation of peptide bonds to form a TNF-R 
polypeptide. 

n. A process according to claim 9. wherein the TNF-R protein is a soluble human TNF-R protein 

12. A process according to claim 11. wherein the soluble human TNF-R protein has an am.no acid 
sequence comprising the sequence of amine acid residues i-x of Figure 2A. wherein x ,s selected from the 
group consisting of amino acids 163-235. 

13. A process according to claim n. wherein the soluble human TNF-R protein has an amio add sequence 
which compnses the sequence of amino acid residues l -235 of Figure 2A. 

14. A process according to claim ii. wherein the soluble human TNF-R protein has an amio add sequence 
which compnses the sequence of amino acid residues 1-18S of Figure 2A. 

15. A process according to claim 11. wherein the soluble human TNF-R protein has an amio add sequence 
which comprises the sequence of amino acid residues 1-163 of Rgure 2A. 

16. The use of a mammalian TNF-R protein in preparing a medicament for regulating immune responses in 
mammals. 

17. The use of a mammalian TNF-R protein in preparing a pharmaceuticaf composition suitable for 
parenteral administration to a human patient for regulating immune responses. 

18. Antibodies immunoreactive with mammalian TNF receptors. 
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(2) INFORMATICM TOR SEQ ID N0:1: ' 

(i) SEQUENCE character: 5TICS : 

(A) LENGTH: 1641 base paixa 

(S) TYPE: nucleic acid 

(C) STRANDEDNESS: aia^le 

(D) TOPOLOGY: linear 

(ii) MOLECJLE TYPE: cDNA Co niRNA 

(iii) HYPOTHETICAL; M 

(iv) ANTI-SENSE: N 

(vi) ORIGINAL SOUKCE: 

(A) ORGANISM: Homo sapiens 

(G) CELL TYPE: fibroblasc 

(H) CELL LINE: WI-26 VA4 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: HI -26 VA4 
(3) CLONE: 1 

(ix) FEATURE: 

(Al NAME/ KEY: CDS 

(B) LOCATION: 88.. 1473 
(D) OTHER INFORMATION: 

tijc) FEATURE: 

(A) NAME/KEY: mat^eptide 
(8) LOCATION: 38.. 1470 
{D> OTHER INFORMATION: 

(ix) FEATURE: 

(A> NAME/KEY: 3ig_p«ptide 

(B) LOCATION: 88,. 153 
(D) OTHER INFORMATION: 

(x) PUBLICATION INFORMATION: 

CA) AUTHORS: Sndth , Craig- A. 

Davis, Terri 
Anderson, Oirlc 
Solam, Lisabeth 
Becianann, M. P, 
Jerzy^ Rita 
Dower, Steven K. 
Cosman, David 
Goodwin, Raymond G. 

(B) TITLE: A Receptor for Tumor Necrosis Factor Defines an 

Unusual Family of Cellular and Viral Proteins 

(C) JOURNAL: Science 
(0) VOLUME: 248 

(F) PAGES: 1019-1023 

(G) DATE: 25-MAY-1990 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

GCGAGGCAGG CAGCCTGGAG AGAAGGCGCT GGGCTGCGAG GGCGCGAGGG CGCGAGGGCA 50 

GGGGGCAACC GGACCCCGCC CGCATCC ATG GCG CCC GTC GCC GTC TGG GCC 111 

Met Ala Pro Val Ala Val Tro Ala 
I 5 

GCG CTG GCC GTC GGA CTG GAG CTC TGG GCT GCG GCG CAC GCC TTG CCC 159 
Aia L«u Ala Val Gly Leu Glu Leu Trp Ala Ala Ala His Ala Leu Pro 
10 15 20 
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GCC CAG GTG GCA "TT ACA CCC TAG GCC CCG GAG CCC GGG 'XGC ACA TGC ' ' ZCT 

Aia Gin val Ala Phe Thr Pro Tyr Ala Pro Glu Pro Gly Ser Thr Cya 

25 30 35 40 

CGG CTC AGA GAA TAC TAT GAG CAG ACA GCT CAG ATG TGC TGC AGC AAA 255 

Arg Leu Arg Glu Tyr Tyr Asp Gin Thr Ala Gin Met Cys Cys Ser Lys 

45. 50 55 

TGC TCG CCG GGC CAA CAT GCA AAA GTC TTC TGT ACC AAG ACC TCG GAC 303 

Cys Ser Pro Gly Gin His Ala Lya Val Phe Cys Thr Lya Thr Ser Aac 
60 65 70 

ACC GTG TGT 'GAC TCC TGT GAG GAC AGC ACA TAC ACC CAG CTC TGG AAC 351 

Thr Val Cya Aap Ser Cys Glu Aap S«r Thr Tyr Thr Gin Leu Trp Asn 
75 80 85 

TGG GTT CCC GAG TGC T7G AGC TGT GGC TCC CGC TGT AGC TCT GAC CAG 399 

Trp Val Pro Glu Cya Leu Ser Cys Gly Ser Arg Cys Ser Ser Asp Gin 
90 95 100 

GTG GAA ACT CAA GCC TGC ACT CGG GAA CAG AAC CGC ATC TGC ACC TGC 44 7 

Val Glu Thr Gin Ala Cys Thr Arg Glu Gin Asn Arg lie Cys Thr Cys 

105 110 lis 120 

AGG CCC GGC TGG TAC TGC GCG CTG AGC AAG CAG GAG GGG TGC CGG CTG 4 95 

Arg Pro Gly Trp Tyr Cys Ala Leu Sor Lya Gin Glu Gly Cys Arg Leu 

125 130 135 

TGC GCG CCG CTG CGC AAG TGC CGC CCG GGC TTC GGC GTG GCC AGA CCA 54 3 

Cys Aia Pro Leu Arg Lys Cys Arg Pro Gly Phe Gly Val Ala Arg Pro 
140 14S ISO 

GGA ACT GAA ACA TCA GAC GTG GTG TGC AAG CCC TGT GCC CCG GGG ACG 391 

Gly Thr Glu Thr Ser Asp Val Val Cys Lya ?ro Cys Ala Pro Gly Thr 
155 160 165 

TTC TCC AAC ACG ACT TCA TCC ACG GAT ATT TGC AGG CCC CAC CAG ATC 539 

Phe Ser Asn Thr Thr Ser Ser Thr Aap He Cys Arg Pro His Gin He 
170 175 180 

TGT AAC GTG GTG GCC ATC CCT GGG AAT GCA AGC ATG GAT GCA GTC TGC 687 

Cys Asn Val Val Ala lie Pro Gly Asn Ala Ser Mot Aap Aia Val Cys 

18S 190 195 200 

ACG TCC ACG TCC CCC ACC CGG AGT ATG GCC CCA GGG GCA GTA CAC TTA 735 

Thr Ser Thr Ser Pro Thr Arg Ser Met Ala Pro Gly Ala Val Hia Leu 

205 210 215 

CCC CAG CCA GTG TCC ACA CGA TCC CAA CAC ACG CAG CCA ACT CCA GAA 79 3 

Pro Gin Pro Val Ser Thr Arg Ser Gin His Thr Gin Pro Thr Pro Glu 
220 225 230 

CCC AGC ACT GCT CCA AGC ACC TCC TTC CTG CTC CCA ATG GGC CCC AGC 331 

Pro Ser Thr Ala Pro Ser Thr Ser Phe Leu Leu Pro Met Gly Pro Ser 
235 240 245 

CCC CCA GCT GAA GGG AGC ACT GGC GAC TTC GCT CTT CCA GTT GGA CTG 379 

Pro Pro Ala Glu Gly Ser Thr Gly Aap Phe Ala Leu Pro Val Gly Leu 
250 255 260 

ATT GTG GGT GTG ACA GCC TTG GGT CTA CTA ATA ATA GGA GTG GTG AAC 927 

He Val Gly Val Thr Ala Leu Gly Leu Leu He He Gly Val Val Aan 

265 270 275 280 
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TGT GTC ATC ATG ACC CAG GTG AAA AAG AAG CCC TTG TGC CTG CAG AGA 97 T 

Cys Vai lie Met Thr Gin 7al Lya lys Lys Pro Leu Cya Leu Gin Arg 
235 230 295 

GAA GCC AAG GTG CCT CAC TTG CCT GCC GAT AAG GCC CGG GGT ACA CAG 1023 
Giu Ala Lys Val Pro His Leu Pro Ala Asp Lys Ala Arg Giy Thr Gin 
300 305 310 

GGC CCC GAG CAG CAG CAC CTG CTG ATC ACA GCG CCG AGC TCC AGC AGC 1071 
Giy Pro Giu Gin Gin His Leu Leu lie Thr Ala Pro Ser Ser Ser Ser 
315 320 325 

AGC TCC CTG GAG AGC TCG GCC AGT GCG TTG GAC AGA AGG GCG CCC ACT 1119 
Ser Ser Leu Giu Ser Ser Ala Ser Ala Leu Aap Arg Arg Ala Pro Thr 
330 335 340 

CGG AAC CAG CCA CAG GCA CCA GGC GTG GAG GCC AGT GGG GCC GGG GAG LI 67 

Arg Asn Gin Pro Gin Ala Pro Giy val Giu Ala Ser Giy Ala Giy Giu 
345 350 355 360 

GCC CGG GCC AGC ACC GGG AGC TCA GAT TCT TCC CCT GGT GGC CAT GGG 1215 
Ala Arg Ala Ser Thr Giy Ser Ser Asp Ser Ser Pro Giy Giy His Giy 
363 370 375 

ACC CAG GTC AAT GTC ACC TGC ATC GTG AAC GTC TGT AGC AGC TCT GAC 1263 
Thr Gin Val Aan Val Thr Cys lie Val Aan Val Cys Ser Ser Ser Asp 
380 385 390 

CAC AGC TCA CAG TGC TCC TCC CAA GCC AGC TCC ACA ATG GGA GAC ACA 1311 
His Ser Ser Gin Cys Ser Ser Gin Ala Ser Ser Thr Met Giy Asp Thr 
395 400 405 

GAT TCC AGC CCC TCG GAG TCC CCG AAG GAC GAG CAG GTC CCC TTC TCC 1359 
Asp Ser Ser Pro Ser Giu Ser Pro Lys Asp Giu Gin Val Pro Phe Ser 
410 415 420 

AAG GAG GAA TGT GCC TTT CGG TCA CAG CTG GAG ACG CCA GAG ACC CTG 1407 
Lys Giu Giu Cys Ala Phe Arg Ser Gin Leu Giu Thr Pro Giu Thr Leu 
425 430 435 440 

CTG GGG AGC ACC GAA GAG AAG CCC CTG CCC CTT GGA GTG CCT GAT GCT 14 55 

Leu Giy Ser Thr Giu Giu Lys Pro Leu Pro Leu Giy Val Pro Asp Ala 
445 450 455 

GGG ATG AAG CCC AGT TAA CCAGGCCGGT GTGGGCTGTG TCGTAGCCAA 1503 
Giy Met Lys Pro Ser 
460 

GGTGGGCTCSA GCCCTGGCAG GATGACCCTG CGAAGGGGCC CTGGTCCTTC CAGGCCCCCA 1563 

CCACTAGGAC TCTGAGGCTC TTTCTGGGCC AAGTTCCTCT AGTGCCCTCC ACAGCCGCAG 1623 

CCTCCCTCTG ACCTGCAG 1641 



(2) INTORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 462 amino acid^ 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



Met Ala Pro Val Ala Vai Trp Ala Ala Leu 
1 5 10 

Tro Ala Ala Ala Hia Ala Leu Pro Ala Gin 
20 25 

Ala Pro Glu Pro Gly Ser Thr Cys Arg Leu 
35 40 



Ala Vai Gly Leu Glu Leu 
15 

Val Ala ?he Thr Pro Tyr 
30 

Arg Glu Tyr Tyr Asp Gin 
45 



Thr Ala Gin Met Cys Cys Ser Lys Cys Ser 
50 55 



Pro Gly Gin His Ala Lys 
60 



Val Phe Cys Thr Lys Thr Ser Asp Thr Val 

65 70 

Ser Thr Tyr Thr Gin Leu Trp Asn Trp Val 

85 90 



Cys Asp Ser Cys Glu Asp 

75 ao 

Pro Glu Cys Leu Ser Cys 
95 



Gly Ser Arg Cys Ser Ser Asp Gin Val Glu 
100 105 

Glu Gin Asn Arg lie Cys Thr Cys Arg Pro 
lis 120 

Ser Lys Gin Glu Gly Cys Arg Leu Cys Ala 
130 13S 

Pro Gly Phe Gly vai Ala Arg Pro Gly Thr 
145 150 

Cys Lys Pro Cys Ala Pro Gly Thr Phe Ser 
165 170 

Asp lie Cys Arg Pro His Gin lie Cys Asn 
130 185 



Thr Gin Ala Cys Thr Arg 

110 

Gly Trp Tyr Cys Ala Leu 
125 

Pro Leu Arg Lys Cys Arg 
140 

Glu Thr Ser Asp Val Val 
155 160 

Asn Thr Thr Ser Ser Thr 

175 

Val Val Ala lie Pro Gly 
190 



Asn Ala Ser Met Asp Ala Vai Cys Thr Ser 
195 200 

Met Ala Pro Gly Ala Val His Leu Pro Gin 
210 215 

Gin His Thr Gin Pro Thr Pro Glu Pro Ser 
225 230 

Phe Leu Leu Pro Met Gly Pro Ser Pro Pro 
245 250 

AsD Phe Ala Leu Pro Val Gly Leu He Val- 
260 265 

Leu Leu He He Gly Val Val Asn Cys Val 
275 230 

Lys Lys Pro Leu Cys Leu Gin Arg Glu Ala 
290 295 



Thr Ser Pro Thr Arg Ser 
205 

Pro Val Ser Thr Arg Ser 
220 

Thr Ala Pro Ser Thr Ser 
235 240 

Ala Glu Gly Ser Thr Gly 
255 

Gly Val Thr Ala Leu Gly 
270 

lie Met Thr Gla Val Lys 
285 

Lys Val Pro His Leu Pro 
300 
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Ala Asp Lya Aia Ar^ Giy Thr Gin Gly Pro Glu Gin Gin K-J Leu Le-'- 
305 310 315 320 

lie Thr Ala ?ro Ser S«r Ser Ser Ser Ser Leu Glu Ser Ser Aia Ser 
325 330 335 

Ala Leu Aap Arg Arg Ala Pro Thr Arg Aan Gin Pro Gin Ala Pro Gly 
340 345 350 

Vai Glu Aia Ser Gly Ala Giy Glu Aia Arg Ala Ser Thr Gly Se- Ser 
355 360 365 

Aap Ser Ser Pro Gly Giy His Gly Thr Gin Vai Aan Vai Thr Cys lie 
370 375 380 

Vai Asn Vai Cys Ser Ser Ser Aap His Ser Ser Gin Cys Ser Ser Gin 
385 390 395 400 

Ala Ser Ser Thr Met Gly Asp Thr Asp Ser Ser Pro Ser Glu Ser Pro 
405 410 415 

Lys Asp Giu Gin Vai Pro Phe Ser Lys Glu Glu Cys Ala Phe Arg Ser 
420 425 430 

Gin Leu Giu Thr Pro Giu Thr Leu Leu Giy Ser Thr Glu Giu Lys Pro 
435 440 445 

Leu Pro Leu Gly Vai pro Asp Ala Giy Met Lys Pro Ser 
450 455 460 

(2) INTORMAIION FOR SEQ ID NO: 3: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3313 base pairs 

(B) TYPE: nucleic acid 
tC) STRANDEDNESS: single 
(D) TOPOLOGY: linear 



tii) MOLECULE TYPE: cDNA to mRNA 



(iii) HYPOTHETICAL: N 



tiv) ANTI-SENSE: N 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: mouse 

(B) STRAIN: CS7SL/6 

(G) CELL TYPE: T-heiper cell 

(H) CELL LINE: 739 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: 11 



(ix) FEATURE: 

(A) NAiffi/KSY: CDS 

(B) LOCATION: 55.-1479 
(D) OTHER INFORMATION: 

Cix) FEATURE: 

(A) NAME /KEY: mat^peptide 

(B) LOCATION: 55.. 1476 
(D) OTHER INFORMATION: 
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(ix) r=lATUR£: 

(A) NAHE/KSY: 3ig_p«pcide 

(B) LOCATION: 55 . . 120 



{D) OTHER INFORMATION: 



Ui) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 

CGCAGCTGAG GCACTAGAGC TCCAGGCACA AGGGCGGGAG CCACCGCTGC CCCT ATG 57 

Met 

I 

GCG CCC GCC GCC CTC TGG GTC GCG CTG GTC TTC GAA CTG CAG CTG TGG 10 5 

Ala Pro Ala Ala Leu Trp Val Ala Leu Vai Phe Glu Leu Gin Leu Trp 

5 10 15 

GCC ACC GGG CAC ACA GTG CCC GCC CAG GTT GTC TTG ACA CCC TAC AAA 153 

Ala Thr Giy His Thr Val Pro Ala Gin vai Val Leu Thr Pro Tyr Lys 

20 2S 30 

CCG GAA CCT GGG TAC GAG TGC CAG ATC TCA CAG GAA TAC TAT GAC AGG 201 

Pro Glu Pro Gly Tyr Glu Cya Gin lie Ser Gin Glu Tyr Tyr Asp Arg 

35 40 45 

AAG GCT CAG ATG TGC TGT GCT AAG TGT CCT CCT GGC CAA TAT GTG AAA 249 

Lys Ala Gin Met Cys Cys Ala Lys Cys Pro Pro Gly Gin Tyr Val Lys 

50 - 55 60 65 

CAT TTC TGC AAC AAG ACC TCG GAC ACC GTG TGT GCG GAC TGT GAG GCA 297 

His Phe Cys Asn Lys Thr Ser Asp Thr Val Cys Ala Asp Cys Glu Ala 

70 75 80 

AGC ATG TAT ACC CAG GTC TGG AAC CAG TTT CGT ACA TGT TTG AGC TGC 34 5 

Ser Met Tyr Thr Gin Val Trp Asn Gin Phe Arg Thr Cys Leu Ser Cys 

85 90 95 

AGT TCT TCC TGT ACC ACT GAC CAG GTG GAG ATC CGC GCC TGC ACT AAA 3 93 

Ser Ser Ser Cys Thr Thr Aap Gin Val Glu He Arg Ala Cys Thr Lys 

100 lOS 110 

CAG CAG AAC CGA GTG TGT GCT TGC GAA GCT GGC AGG TAC TGC GCC TTG 4 41 

Gin Gin Asn Arg Vai Cys Ala Cys Glu Ala Gly Arg Tyr Cys Ala Leu 

lis 120 125 

AAA ACC CAT TCT GGC AGC TGT CGA CAG TGC ATG AGG CTG AGC AAG TGC 4 39 

Lvs Thr His Ser Gly Ser Cys Arg Gin Cys Met Arg Leu Ser Lys Cys 

1*30 135 140 145 

GGC CCT GGC TTC GGA GTG GCC AGT TCA AGA GCC CCA AAT GGA AAT GTG 537 

Gly Pro Gly Phe Giy Vai Ala Ser Ser Arg Ala Pro Asn Gly Asn Val 

150 155 160 

CTA TGC AAG GCC TGT GCC CCA GGG ACG TTC TCT GAC ACC ACA TCA TCC 583 

Leu Cys Lys Ala Cys Ala Pro Gly Thr Phe Ser Asp Thr Thr Ser Ser 

165 170 175 

ACT GAT GTG TGC AGG CCC CAC CGC ATC TGT AGC ATC CTG GCT ATT CCC 6 33 

Thr Asp Vai Cys Arg Pro His Arg He Cys Ser lie Leu Ala He Pro 

180 185 190 
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GGA AAT GCA AGC ACA GAT GCA GTC TGT GCG CCC GAG TCC CCA AC C'A 
Giy Aan Ala 3er Thr Aap Ala Val Cya Ala ?ro Giu Ser Pro Th^ leu 
^95 ^ 200 205 



681 



AGT GCC ATC CCA AGG ACA CTC TAC GTA tCT CAG CCA GAG CCC ACA AGA 72 5 

Ser Ala He ?ro Arg Thr Leu Tyr Val Ser Gin Pro Glu Pro Thr Arc 
2iO 215 220 225 

TCC CAA CCC CTG GAT CAA GAG CCA GGG CCC AGC CAA ACT CCA AGC ATC 777 
Ser Gin Pro Leu Asp Gin Glu Pro Gly Pro Ser Gin Thr Pro Ser lie 
230 23S 240 

CTT ACA TCG TTG GGT TCA ACC CCC ATT ATT GAA CAA AGT ACC AAG GGT 825 
Leu Thr Ser Leu Gly Ser Thr Pro He lie Glu Gin Ser Thr Lya Gly 
245 250 255 

GGC ATC TCT CTT CCA ATT GGT CTG ATT GTT GGA GTG ACA TCA CTG GGT 373 
Gly lie Ser Leu Pro lie Gly Leu lie Val Gly Vai Thr Ser Leu Gly 
260 265 270 

CTG CTG ATG TTA GGA CTG GTG AAC TGC ATC ATC CTG GTG CAG AGG AAA 921 
Leu Leu Met Leu Gly Leu Vai Asn Cys Tie He Leu Vai Gin Arg Lys 
275 2B0 285 

AAG AAG CCC TCC TGC CTA CAA AGA GAT GCC AAG GTG CCT CAT GTG CCT 969 
Ly3 Lys Pro Ser Cys Leu Gin Arg Asp Ala Lys Val Pro His Val Pro 
290 - 293 300 303 

GAT GAG AAA TCC CAG GAT GCA GTA GGC CTT GAG CAG CAG CAC CTG TTG 1017 
Asp Glu Lys Ser Gin Asp Ala Val Gly Leu Glu Gin Gin His Leu Leu 
310 315 320 

ACC ACA GCA CCC AGT TCC AGC AGC AGC TCC CTA GAG AGC TCA GCC AGC 1065 
Thr Thr Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser 
325 330 335 

GCT GGG GAC CGA AGG GCG CCC CCT GGG GGC CAT CCC CAA GCA AGA GTC 1113 
Ala Gly Asp Arg Arg Ala Pro Pro Gly Gly His Pro Gin Aia Arg Val 
340 343 350 

ATG GCG GAG -GCC CAA GGG TTT CAG GAG GCC CGT GCC AGC TCC AGG ATT 1161 
Met Aia Giu Ala Gin Gly ?h« Gin Giu Ala Arg Aia Ser Ser Arg He 
355 360 365 

TCA GAT TCT TCC CAC GGA AGC CAC GGG ACC CAC GTC AAC GTC ACC TGC 1209 
Ser Asp Ser Ser His Gly Ser His Giy Thr His Val Asn Val Thr Cys 
370 375 380 385 

ATC GTG AAC GTC TGT AGC AGC TCT GAC CAC AGT TCT CAG TGC TCT TCC 1257 
He Val Asn Vai Cys Ser Ser Ser Asp His Ser Ser Gin Cys Ser Ser 
390 395 400 

CAA GCC AGC GCC ACA GTG GGA GAC CCA GAT GCC AAG CCC TCA GCG TCC 1305 
Gin Aia Ser Ala Thr val Gly Asp Pro Asp Ala Lys Pro Ser Ala Ser 
405 . 410 415 

CCA AAG GAT GAG CAG GTC CCC TTC TCT CAG GAG GAG TGT CCG TCT CAG 1353 
Pro Lys Asp Glu Gin Val Pro Phe Ser Gin Glu Glu Cys Pro Ser Gin 
420 423 430 
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TCC CCG TGT GAG ACT ACA GAG ACA CTG CAG AGC CAT GAG AAG CCC TTG HOI 

Ser Pro Cya GXu Thr Thr Giu Thr Leu Gin Ser His Glu Lys Pro Leu 

435 440 445 

CCC CTT GGT GTG CCG GAT ATG GGC ATG AAG CCC AGC CAA GCT GGC TGG 144 3 

Pro Leu Giy Val Pro Asp Met Giy Met Lys Pro Ser Gin Aia Giy Trp 

450 455 460 465 



TTT GAT CAG ATT GCA GTC AAA GTG GCC TGA CCCCTGACAG GGGTAACACC 1499 
?he Asp Gin lie Ala Val Lys Val Ala 





470 




475 








CTGCAAAGGG 


ACCCCCGAGA 


CCCTGAACCC 


ATGGAACTTC 


ATGACTTTTG 


CTGGATCCAT 


1559 


TTCCCTTAGT 


GGCTTCCAGA 


GCCCCAGTTG 


CAGGTCAAGT 


GAGGGCTGAG 


ACAGCTAGAG 


1619 


TGGTCAAAAA 


CTGCCATGGT 


GTTTTATGGG 


GGCAGTCCCA 


GGAAGTTGTT 


GCTCTTCCAT 


1679 


GACCCCTCTG 


GATCTCCTGG 


GCTCTTGCCT 


GATTCTTGCT 


TCTGAGAGGC 


CCCAGTATTT 


1739 


TTTCCTTCTA 


AGGAGCTAAC 


ATCCTCTTCC 


ATGAATAGCA 


CAGCTCTTCA 


GCCTGAATGC 


1799 


TGACACTGCA 


GGGCGGTTCC 


AGCAAGTAGG 


AGCAAGTGGT 


GGCCTGGTAG 


GGCACAGAGG 


1959 


CCCTTCAGGT 


TAGTGCTAAA 


CTCTTAGGAA 


GTACCCTCTC 


CAAGCCCACC 


GAAATTCTTT 


1919 


TGATGCAAGA 


ATCAGAGGCC 


CCATCAGGCA 


GAGTTGCTCT 


GTTATAGGAT 


GGTAGGGCTG 


1979 


TAACTCAGTG 


GTCCAGTGTG 


CTTTTAGCAT 


GCCCTGGGTT 


TGATCCTCAG 


CAACACATGC 


2039 


AAAACGTAAG 


TAGACAGCAG 


ACAGCAGACA 


GCACAGCCAG 


CCCCCTGTGT 


GGTTTGCAGC 


2099 


CTCTGCCTTT 


GACTTTTACT 


CTGGTGGGCA 


CACAGAGGGC 


TGGAGCTCCT 


CCTCCTGACC 


2159 


TTCTAATGAG 


CCCTTCCAAG 


GCCACGCCTT 


CCTTCAGGGA 


ATCTCAGGGA 


CTGTAGAGTT 


2219 


CCCAGGCCCC 


TGCAGCCACC 


TGTCTCTTCC 


TACCTCAGCC 


TGGAGCACTC 


CCTCTAACTC 


2279 


CCCAACGGCT 


TGGTACTGTA 


CTTGCTGTCai 


CCCCAACGTG 


CATTGTCCGG 


GTTAGGCACT 


2339 


GTGAGTTGGA 


ACAGCTCATG 


ACATCGGTTG 


AAAGGCCCAC 


CCGGAAACAG 


CTAAGCCAGC 


2399 


TCTTTTGCCA 


AAGGATTCAT 


GCCGGTTTTC 


TAATCAACCT 


GCTCCCTAGC 


ATTGCCTGGA 


2459 


AGGAAAGGGT 


TCAGGAGACT 


CCTCAAGAAG 


CAAGTTCAGT 


CTCAGGTGCT 


TGGATGCCAT 


2519 


GCTCACCGAT 


TCCACTGGAT 


ATGAACTTGG 


CAGAGGAGCC 


TAGTTGTTGC 


CATCGAGACT 


2579 


TAAAGAGCTC 


AGCACTCTGG 


AATCAAGATA 


CTGGACACTT 


GGGGCCGACT 


TGTTAAGGCT 


2639 


CTGCAGCATC- 


AGACTGTAGA 


GGGGAAGGAA 


CACGTCTGCC 


CCCTGGTGGC 


CCGTCCTGGG 


2699 


ATGACCTCGG 


GCCTCCTAGG 


CAACAAAAGA 


ATGAATTGGA 


AAGGATGTTC 


CTGGGTGTGG 


2759 


CCTAGCTCCT 


GTGCTTGTGT 


GGATCCCTAA 


AGGGTGTGCT 


AAGGAGCAAT 


TGCACTGTGT 


2819 


GCTGGACAGA 


ATTCCTGCTT 


ATAAATGCTT 


TTTGTTGTTG 


TTTTGTACAC 


TGAGCCCTGG 


2379 


CTGAGCCACC 


CCACCCCACC 


TCCCATCCCA 


CCTTTACACG 


CCACTCTTGC 


ATGAGAACCT 


2939 


GGCTGTCTCC 


CACTTGTAGC 


CTGTGGATGC 


TGAGGAAACA 


CCCAGCCAAG 


TAGACTCCAG 


2999 


GCTTGCCCCT 


ATCTCCTGCT 


ATGAGTCTGG 


CCTCCTCATT 


GTGTTGTGGG 


AAGGAGACGG 


3059 
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GTTCTGTCAT" CTCGGAACGC CCACACCGTG GATGTGAACA ATGGCT3?AC TAGCTTAGAC 3U9 

CAGCTTAGGG CTCTGCATAT CACAGGAGGG GGAGCAGGGA ACAATTTGAG TGCTGACCTA 3179 

TAACACAGTT CCTAAAGGAT CGGGCAGTCC AGAATCTCCT CCTTCAGTGT GTGTGTGTGT 3239 

GTGTGTGTGT GTGTGTGTGT GTGTGTGTGT CCATGTTTGC ATGTATGTGT GTGCCAGTGT 32 99 

■GTGGAGGCCC GAGGTTGGCT TTGGGTGTGT TTGATCACTC TCCAGTTACT GAGGCGGGCT 3 3 59 

CTCATCTGTA CCCAGAGCTT GCACATTTTC TAGTCTAACT TGATTCAGGG ATCTCTGTCT 3419 

GCCTATGGAG GTGCTCAGGT TACAGGCAGG CTGCCATACC TGCCCGACAT TTACATGAAT 34 79 

ACTAGAGATC TGAATTCTGG TCCTCACACT TGTATACCTG CATTTTATCC ACTAAGACAT 3539 

CTCTCCAAGG GCTCCCCCTT CCTATTTAAT AAGTTAGTTT TGAACTGGCA AGATGGCTCA 3 599 

GTGGGTAAGG CAGTTTGCGG ACAAACCTGA TGACCTGAGT TGGATCCCTG ACCATAAGGT 3 659 

AGAAGAGACC TGATTCCTGC AAGTTGTCCT CTGACCACCA CCCCATACAT GCTTCTGCAT 3 719 

ATGTGCACAC ATCACATTCT TGCACACACA CTCACATACC ATAAATGTAA TAAATTTTTT 377 9 

TAAATAAATT GATTTTATCT TTTAAAAAAA AAAA 3813 
(2) INrORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 75 amino acida 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Met Ala Pro Ala Ala Leu Trp Val Ala Leu Val Phe Glu Leu Gin Leu 
15 10 IS 

Trp Ala Thr Gly Hia Thr Val Pro Ala Gin Val Val Leu Thr Pro Tyr 
20 25 30 

Lys Pro Glu Pro Gly Tyr Glu Cys Gin lie Ser Gin Glu Tyr Tyr Asp 
35 40 45 

Arg Lys Ala Gin Met Cys Cys Ala Lys Cys Pro Pro Gly Gin Tyr Val 
50 55 60 

Lys His Phe Cys Asn Lys Thr Ser Asp Thr Val Cys Ala Asp Cys Glu 
65 70 75 30 

Ala Ser Met Tyr Thr Gin Val Trp Asn Gin Phe Arg Thr Cys Leu Ser 
85 90 . 95 

Cys Ser Ser Ser Cys Thr Thr Asp Gin Val Glu He Arg Ala Cys Thr 
100 105 110 

Lys Gin Gin Asn Arg Val Cys Ala Cys Glu Ala Gly Arg Tyr Cys Ala 
115 120 125 
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Leu Ly3 thr 
130 



His Ser Gly Ser Cya Arg Gin Cya 
135 



Met- Arg 
140 



Leu S3r Lys 



Cya Gly Pro Gly Phe Gly Vai Ala Ser Ser Arg Ala Pro Aan Gly Aan 
145 150 155 160 

Val Leu Cys Lya Ala Cys Ala Pro Gly Thr Phe Ser Asp Thr Thr Ser 
155 170 175 

Ser Thr Aap Vai Cya Arg Pro His Arg lie Cya Ser lie Leu Ala lie 
180 185 190 

Pro Gly Aan Ala Ser Thr Asp Ala Val Cya Ala Pro Glu Ser Pro Thr 
195 200 205 

Leu Set Ala He Pro Arg Thr Leu Tyr Val Ser Gin Pro Glu Pro Thr 
210 215 220 

Arg Ser Gin Pro Leu Aap Gin Glu Pro Giy Pro Ser Gin Thr Pro Ser 
225 230 235 240 

He Leu Thr Ser Leu Gly Ser Thr Pro lie lie Glu Gin Ser Thr Lya 
245 250 255 

Gly Gly lie Ser Leu Pro He Gly Leu He Val Gly Val Thr Ser Leu 
260 265 270 

Gly Leu Leu Met Leu Glv Leu Val han Cys He H Leu Val Gin Arg 
275 280 285 

Lya Lya Lya Pro Ser Cya Leu Gin Arg Aap Ala Lya Val Pro His Vai 
290 295 300 

Pro Asp Glu Lya Ser Gin Aap Ala Val Gly Leu Glu Gin Gin His Leu 



Leu Thr Thr Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala 
325 330 335 

Ser Ala Gly Asp Arg Arg Ala Pro Pro Gly Gly His Pro Gin Ala Arg 
340 345 350 

Val Met Ala Glu Ala Gin Gly Phe Gin Glu Ala Arg Ala Ser Ser Arg 
355 360 365 

He Ser Asp Ser Ser His Gly Ser His Gly Thr His val Aan Vai Thr 
370 375 380 

Cya He Vai Asn Val Cys Ser Ser Ser Asp Hia Ser Ser Gin Cya Ser 
385 390 395 400 

Ser Gin Ala Ser Ala Thr Val Gly Asp Pro Asp Ala Lys Pro Ser Ala 
405 410 415 

Ser Pro Lya Asp Glu Gin Vai Pro Phe Ser Gin Glu Glu Cys Pro Ser 
420 425 430 

Gin Ser Pro Cya Glu Thr Thr Glu Thr Leu Gin Ser His Glu Lya Pro 
435 440 445 

Leu Pro Leu Gly Val Pro Asp Met Gly Met Lya Pro Ser Gin Ala Gly 
450 455 460 



305 



310 



315 



320 
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Trp Phe Aap Gin lie Ala Val Lya Val- Ala 
465 470 ■ 4 
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HmTNF-B 



E»TNF-BAlt5 
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GCGAGGCAGGCAGCCTCjOAGAGAAGGCG 28 
CTGGGCTGCaAGGGCGCGAGG<jCGCGAGGGCAGGGGGCAACCGGACCCCGCCCGCATCC 3 7 



ATG 


GCG 


CCC 


GTC 


GCC 


GTC 


TGG 


GCC 


GCG 


CTG 


GCC 


GTC 


GGA 


CTG 


GAG 


132 


Met 


Ala 


Pro 


Vai 


Ala 


Vai 


Trp 


Ala 


l,Ala 


Leu 


Ala 


Val 


Gly 


Leu 


Glu 


-3 


CTC 


TGG 


GCT 


GCG 


GCG 


CAC 


GCC 


TTG 


CCC 


GCC 


CAG 


GTG 


GCA 


TTT 


ACA 


177 


L«u 


Trp 


Ala 


Ala 


Ala 


Hia 


Ala 


Leu 


Pro 


Ala 


Gin 


val 


Ala 


Phe 


Thr 


3 


CCC 


TAC 


GCC 


CCG 


GAG 


CCC 


GGG 




ACA 


TGC 


CGG 


CTC 


AGA 


GAA 


TAC 


222 


Pro 


Tyr 


Ala 


Pro 


Glu 


Pro 


Gly 


Ser 


Thr 


Cya 


Arg 


Leu 


Arg 


Glu 


Tyr 


23 


TAT 


GAC 


CAG 


ACA 


GCT 


CAG 


ATG 


TGC 


TGC 


AGC 


AAA 


TGC 


TCG 


CCG 


GGC 


267 


Tyr 


Asp 


G1.1 


Thr 


Ala 


Gin 


Met 


Cya 


Cya 


Ser 




Cya 


Ser 


Pro 


Gly 


33 


CAA 


CAT 


GCA 


AAA 


GTC 


TTC 


TGT 


ACC 


AAG 


ACC 


TCG 


GAC 


ACC 


GTG 


TGT 


312 


Gin 


Hi3 


Ala 


Lya 


Vai 


Phe 


Cya 


Thr 


Lya 


Thr 


Ser 


Aap 


Thr 


Val 


Cya 


53 


GAC 


TCC 


TGT 


GAG 


GAC 


AGC 


ACA 


TAC 


ACC 


CAG 


CTC 


TGG 


AAC 


TGG 


GTT 


357 


A3P 


Ser 


Cys 


Glu 


A3p 


Ser 


Thr 


Tyr 


Thr 


Gin 


Leu 


Trp 


Aan 


Trp 


Vai 


63 


CCC 


GAG 


TGC 


TTG 


AGC 


TGT 


GGC 


TCC 


CGC 


TGT 


AGC 


TCT 


GAC 


CAG 


GTG 


402 


Pro 


Glu 


Cy3 


Leu 


Ser 


Cys 


Gly 


Ser 


Arg 


Cya 


Ser 


Ser 


Aap 


Gin 


Vai 


33 


GAA 


ACT 


CAA 


GCC 


TGC 


ACT 


CGG 


GAA 


CAG 


AAC 


CGC 


ATC 


TGC 


ACC 


TGC 


447 


Glu 


Thr 


Gin 


Ala 


Cya 


Thr 


Arg 


Glu 


Gin 


Aan 


Arg 


He 


Cya 


Thr 


Cya 


98 


AGG 


CCC 


GGC 


TGG 


TAC 


TGC 


GCG 


CTG 


AGC 


AAG 


CAG 


GAG 


GGG 


TGC 


CGG 


492 


Arg 


Pro 


Gly 


Trp 


Tyr 


Cys 


Ala 


Leu 


Ser 


Lya 


Gin 


Glu 


Gly 


Cya 


Arg 


113 


CTG 


TGC 


GCG 


CCG 


CTG 


CGC 


AAG 


TGC 


CGC 


CCG 


GGC 


TTC 


GGC 


GTG 


GCC 


537 


Leu 


Cys 


Ala 


Pro 


Leu 


Arg 


Lya 


Cya 


Arg 


Pro 


Gly 


Phe 


Gly 


Vai 


Ala 


129 


AGA 


CCA 


GGA 


ACT 


GAA 


ACA 


TCA 


GAC 


GTG 


GTG 


TGC 


AAG 


CCC 


TGT 


GCC 


582 


Arg 


Fro 


Gly 


Thr 


Glu 


Thr 


Ser 


A3P 


vai 


vai 


Cya 


Lya 


Pro 


Cya ^Ala 


143 


CCG 


GGG 


ACG 


TTC 


TCC 


AAC 


ACG 
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ACG 


GAT 


ATT 


TGC 


AGG 


S27 


Pro 


Gly 


Thr 


Phe 


Ser 


Kan 


Thr 


Thr 


ser 


Ser 


Thr 


Aap 


He 


Cys 


Arg 


158 




c%.c 




XTC 


TGT 


AAC 


CTG 


GTG 
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ATC 


CCT 


GGG 


AAT 


GCA 


AGC 


S72 


Pro 


His 


Gin 


He 


Cya 


Asn 


Val 


Val 


Ala 


He 


Pro 


Gly 


Asn 


Ala 


Ser 


173 




GAT 


GCA 


GTC 


TGC 


ACG 


TCC 


ACG 


TCC 


CCC 


ACC 


CGG 


ACT 


ATG 


GCC 


717 




Aap 


Ala 


val 


Cya Thr 


Ser 


Thr 


Ser 


Pro 


Thr 


Arg 


Ser 

f 


Mec 


Ala 


188 


CCA 


GGG 


GCA 


GTA 


CAC 


TTA 


CCC 


CAG 


CCA 


GTG 


TCC 


ACA 


CGA 


TCC 


CAA 


762 


Pro 


Gly 


Ala 


Val 


Hi» 


Leu 


Pro 


Gin 


Pro 


Val 


Ser 


Thr 


Arg 


Ser 


Gin 


203 


CAC 


ACG 


CAG 


CCA 


ACT 


CCA 


GAA 


CCC 


AGC 


ACT 


GCT 


CCA 


AGC 


ACC 


TCC 


807 


His 


Thr 


Gin 


Pro 


Thr 


Pro 


Glu 


Pro 


Ser 


Thr 


Ala 


Pro 


Ser 


Thr 


Ser 


218 


TTC 


CTG 


CTC 


CCA 


ATG 


GGC 


CCC 


AGC 


CCC 


CCA 


GCT 


GAA 


GGG 


AGC 


ACT 


852 


Phe 


Leu 


Leu 


Pro 


Met Gly 


Pro 


Ser 


Pro 


Pro 


Ala 


Glu Gly 


ser 


Thr 


233 


GGC 


GAC 


TTC 


GCT 


CTT 


CCA 


GTT 


GGA 


CTG 


ATT 


GTG 


GGT 


GTG 


ACA 


GCC 


397 


Gly 


A9P 
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Ma 
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rim..., ?B 

TTG GGT CTA CTA ATA ATA GGA GTG GTG AAC TGT GTC ATC ATG ACC 942 

Le-J GlY Lpu rig Cly V al V^l Xmn C^n 1 ri^ w^r Th^ 263 

CAG GTG AAA AAG AAG CCC TTG TGC CTG CAG AGA GAA GCC AAG GTG 987 

G l T\ Yfti Lya Lys Lys Pro Leu Cya L«u Gin Axg Giu Ala Lya Val 273 

CCT CAC TTG OCT GCC GAT AAG GCC CGG GOT ACA CAG GGC CCC GAG 1032 

Pro Hia Lou Pro Al* Asp Lys Ala Arg Gly TJir Gin Gly Pro Glu 293 

CAG CAG CAC CTG CTG ATC ACA GCG CCG AGC TCC AGC AGC AGC TCC 1077 

Gin Gin His Leu Leu lie Thr Ala Pro Ser Ser Ser Ser Ser Ser 308 

CTG GAG AGC TCG GCC AGT GCG TTG GAC AGA AGG GCG CCC ACT CGG U22 

Leu Glu Ser Ser Ala Ser Ala Leu Aap Arg Arg Ala Pro Thr Arg 323 

AAC CAG CCA CAG GCA CCA GGC GTG GAG GCC AGT GGG GCC GGG GAC 1167 

Aan Gin Pro Gin Ala Pro Gly Val Glu Ala Ser Gly Ala Gly Glu 338 

GCC CGG GCC AGC ACC GGG AGC TCA GAT TCT TCC CCT GGT GGC CAT 1212 

Ala Arg Ala Ser Thr Gly Ser Ser Aap Ser Ser Pro Gly Gly His 353 

GGG ACC CAG GTC AAT GTC ACC TGC ATC GTG AAC GTC TGT AGC AGC 1257 

Gly Thr Gin Val Asn Val Thr Cya lie Val Asn Val Cys Ser Ser 368 

TCT GAC CAC AGC TCA CAG TGC TCC TCC CAA GCC AGC TCC ACA ATG 1302 

Ser Aap Hla Ser Ser Gin Cys Ser Ser Gin Ala Ser Ser Thr Met 383 

GGA GAC ACA GAT TCC AGC CCC TCG GAG TCC CCG AAG GAC GAG CAG 1347 

Gly Aap Thr Aap Ser Ser Pro Ser Glu Ser Pro Lya Aap Glu Gin 398 

GTC CCC TTC TCC AAG GAG GAA TGT GCC TTT CGG TCA CAG CTG GAG 1392 

Val Pro Phe Ser Lya Glu Glu Cys Ala Phe Arg Ser Gin Leu Glu 413 

ACG CCA GAG ACC CTG CTG GGG AGC ACC GAA GAG AAG CCC CTG CCC 14 37 

Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lya Pro Leu Pro 428 

CTT GGA GTG CCT GAT GCT GGG ATG AAG CCC AGT 1470 

Leu Gly Val Pro Aap Ala Gly Met Lys Pro Ser 439 

TAACCAGGCCGGTGTGGGCTGTGTCGTAGCCAAGGTGGGCTGAGCCCTGGCAGGATGAC 
CCTGCGAAGGGGCCCTGGTCCTTCCAGGCCCCCACCACTAGGACTCTGAGGCTCTTTCT 
GGGCCAAGTTCCTCTAGTGCCCTCCACAGCCGCAGCCTCCCTCTGACCTGCAG. . . 
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rirart i\ ' 

CGCAGCTGAGGCACTAGAGCrCC 23 

AGGCACAAGGGCGGGAGCCACCGCTGCCCCT ATG GCG CCC GCC GCC CTC TGG 7 5 

Met Ala Pro Ala Ala L«u Trp -16 

GTC GCG CTG GTC TTC GAA CTG CAG CTG TGG GCC ACC GGG CAC ACA 12 0 

Vai Ala L«u Val phe Glu Leu Gin Leu Trp Ala Thr Gly Hia Thr -1 

GTG CCC GCC CAG GTT GTC TTG ACA CCC TAC AAA CCG GAA CCT GGG 165 

L^Ai Pro Ala Gin Val Val Leu Thr Pro Tyr Lys Pro Glu Pro Gly 13 

TAC GAG TGC CAG ATC TCA CAG GAA TAC TAT GAC AGG AAG GCT CAG 210 

Tyr Glu Cys Gin He Ser Gin Glu Tyr Tyr Aap Arg Lys Ala Gin 30 

ATG TGC TGT GCT AAG TGT CCT CCT GGC CAA TAT GTG AAA CAT TTC 255 

Met Cy3 Cya Ala Lya Cya Pro Pro Gly Gin Tyr Val Lya Hia Phe 45 

TGC AAC AAG ACC TCG GAC ACC GTG TGT GCG GAC TGT GAG GCA AGC 300 

Cys Aan Lya Thr Ser Aap Thr Val Cys Ala Aap Cya Glu Ala Ser 60 

ATG TAT ACC CAG GTC TGG AAC CAG TTT CGT ACA TGT TTG AGC TGC 345 

Met Tyr Thr Gin Val Trp Aan Gin Phe Arg Thr Cys Leu Ser Cys 75 

AGT TCT TCC TGT ACC ACT GAC CAG GTG GAG ATC CGC GCC TGC ACT 390 

Ser Ser Ser Cys Thr Thr Asp Gin Val Glu He Arg Ala Cya Thr 90 

AAA CAG CAG AAC CGA GTG TGT GCT TGC GAA GCT GGC AGG TAC TgC 4 35 

Lya Gin Gin Aan Arg Val Cya Ala Cya Glu Ala Gly Arg Tyr Cya 105 

GCC TTG AAA ACC CAT TCT GGC AGC TGT CGA CAG TGC ATG AGG CTG 4 80 

Ala Leu Lya Thr His Ser Gly Ser Cya Arg Gin Cya Met Arg Leu 120 

AGC AAG TGC GGC CCT GGC TTC GGA GTG GCC AGT TCA AGA GCC CCA 525 

Ser Lya Cya Gly Pro Gly Phe Gly Val Ala Ser Ser Arg Ala Pro 135 

AAT GGA AAT GTG CTA TGC AAG GCC TGT GCC CCA GGG ACG TTC TCT 570 

Aan Gly Aan Val Leu Cya Lya Ala Cya Ala Pro Gly Thr Phe Ser 150 

GAC ACC ACA TCA TCC ACT GAT GTG TGC AGG CCC CAC CGC ATC TGT 615 

Aap Thr Thr Ser Ser Thr Asp Val Cya Arg Pro Hia Arg He Cya 165 

AGC ATC CTG GCT ATT CCC GGA AAT GCA AGC ACA GAT GCA GTC TGT 660 

Ser He Leu Ala He Pro Gly Aan Ala Sec Thr Aap Ala Val Cya 180 

GCG CCC GAG TCC CCA ACT CTA AGT GCC ATC CCA AGG ACA, CTC TAC 705 

Ala Pro Glu Ser Pro Thr Leu Ser Ala He Pro Arg Thr Leu Tyr 195 

GTA TCT CAG CCA GAG CCC ACA AGA TCC CAA CCC CTG GAT CAA GAG 750 

Val Ser Gin Pro Glu Pro Thr Arg S«r Gin Pro Leu Aap Gin Glu 210 

CCA GGG CCC AGC CAA ACT CCA AGC ATC CTT ACA TCG TTG GGT TCA 795 

Pro Gly Pro Ser Gin Thr Pro Ser He Leu Thr Ser Leu Gly Ser 225 

ACC CCC ATT ATT GAA CAA AGT ACC AAG GCT GGC ATC TCT CTT CCA 340 

Thr Pro He He Glu Gin Ser Thr Lya Gly gly rim sar i^u Pro 240 

ATT GGT CTG ATT GTT GGA GTG ACA TCA CTG GGT CTG CTG ATG TTA 885 

TlA ffW T.An V«1 rtW V^l Thr q^r T.^n ft] y T,m f^" T.^" 
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GGA CTG GTG AAC TGC ATC ATC CTG GTG CAG AGG AAA AAG AAG CCC 930 

GlY Lfj Vfll Ajn r.v^ rig ri^ v^, r:]. ^rg Lys Lys Lys Pro 270 

TCC TGC CTA CAA AGA GAT GCC AAG GTG CCT CAT GTG CCT GAT GAG 975 

Ser Cya Leu Gin Arg Aap Ala Lya Val Pro His Vdi Pro Asp Glu 283 

AAA TCC CAG GAT GCA GTA GGC CTT GAG CAG CAG CAC CTG TTG ACC 1020 

Lys Ser Gin Aap Ala 7ai Gly Leu Glu Gin Gin His Leu Leu Thr 300 

ACA GCA CCC AGT TCC AGC AGC AGC TCC CTA GAG AGC TCA GCC AGC 1065 

Thr Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser 315 

GCT GGG GAC CGA AGG GCG CCC CCT GGG GGC CAT CCC CAA GCA AGA 1110 

Ala Gly Aap Arg Arg Ala Pro Pro Gly Gly His Pro Gin Ala Arg 330 

GTC ATG GCG GAG GCC CAA GGG T7T CAG GAG GCC CGT GCC AGC TCC 1155 

Val Met Ala Glu Ala Gin Gly Phe Gin Glu Ala Arg Ala Ser Ser 34 5 

AGG ATT TCA GAT TCT TCC CAC GGA AGC CAC GGG ACC CAC GTC AAC 120 0 

Arg lie Ser Ajp Ser Ser His Gly Ser His Gly Thr His vai Asn 360 

GTC ACC TGC ATC GTG AAC GTC TGT AGC AGC TCT GAC CAC AGT TCT 124 S 

Val Thr Cys lie Val Asn Vai Cys Ser Ser Ser Asp His Ser Ser 375 

CAG TGC TCT TCC CAA GCC AGC GCC ACA GTG GGA GAC CCA GAT GCC 1290 

Gin Cys Ser Ser Gin Ala Ser Ala Thr val Gly Asp Pro Asp Ala 390 

AAG CCC TCA GCG TCC CCA AAG GAT GAG CAG GTC CCC TTC TCT CAG 1335 

Lys Pro Ser Ala Ser Pro Lys Aap Glu Gin Vai Pro Phe Ser Gin 405 

GAG GAG TGT CCG TCT CAG TCC CCG TGT GAG ACT ACA GAG ACA CTG 1380 

Glu Glu Cys Pro Ser Gin Ser Pro Cys Glu Thr Thr Glu Thr Leu 420 

CAG AGC CAT GAG AAG CCC TTG CCC CTT GGT GTG CCG GAT ATG GGC 1425 

Gin Ser His Glu Lys Pro Leu Pro Leu Gly Vai Pro Asp Met Gly 435 

ATG AAG CCC AGC CAA GCT GGC TGG TTT GAT CAG ATT GCA GTC AAA 1470 

Met Lys Pro Ser Gin Ala Gly Trp Phe Asp Gin lie Ala Val Lys 450 

GTG GCC 1476 

Val Ala 452 



TGACCCCTGACAGGGGTAACACCCTGCAAAGGGACCCCCGAGACCCTGAACCCATGGAAC 1536 

TTCATGACTTTTGCTGGArCCATTTCCCTTAGTGGCTTCCAGAGCCCCAGTTGCAGGTCA 1596 

AGTGAGGGCTGAGACAGCTAGAGTGGTCAAAAACTGCCATGGTGTTTTATGGGGGCAGTC 1656 

CCAGSAAGTTGTTGCrCTTCCATSACCCCTCTGGATCTCCTGGGCTCTTGCCTGATTCTT 1716 

GCTTCrSAGAGGCCCCAGTATTTTTTCCTTCTAAGGAGCTAACATCCTCTTCCATGAArA 1776 

GCACAGCTCTTCAGCCTGAATGCTGACACTGCAGGGCGGTTCCAGCAAGTAGGAGCAAGT 1836 

GGTGGCCTGGTAGSGCACAGAGGCCCTTCAGGTTAGTGCTAAACTCTTAGGAAGTACCCT 1896 

CTCCAAGCCCACCGAAATTCTTTTGATGCAAGAATCAGAGGCCCCATCAGGCAGAGTTGC 1936 

TCTGTTATAGGATGGTAGGGCTGTAACTCAgTGGTCCAgTGTGCTTTTAGCATGCCCTGG 2016 

GTTTGATCCTCAGCAACACATGCAAAACGTAAGTAGACAGCAGACAGCAaACAGCACAGC 2076 

CAGCCCCCTGTGTOGTTTGCAGCCTCTGCCTTTGACTTTTACTCTQGTGGGCACACAGAG 2136 

GGCTGGAGCTCCTCCTCCTGACCTTCTAATGAGCCCTTCCAAGGCCACGCCTTCCTTCAG 2196 

GGAATCTCAGGGACTGTAGAGTTCCCAGGCCCCTGCAGCCACCTGTCTCTTCCTACCTCA 2256 

GCCTGGAGCAcTCCCTCTAACTCCCCAACGgCTTGGTACTGTACTTGCTGTGACCCCAAC 2316 

GTGCATTGTCCGGGTTAGGCACTGTGAGTTGGAACAGCTcATGACATCGGTTGAAAGGCC 2376 

CACCCGGAAACAGCTAAGCCAGCTCTTTTGCCAAAGGATTCATGCCGGTTTTCTAATCAa 2436 

CCTGCTCCCTAGCATTGCCTGGAAGGAAAGGGTTCAGGAGACTCCTCAAGAAGCAAGTTC 24 96 

AGTCTCAGGTGCTTGGATGCCATGCTCACCGATTCCACTGGATATGAACTTGGCAGAGGA 2556 
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GCCTAGTTGTTGCCATGGAGACTTAAAGAGCTCAGCACTCTGGAATCAAGATACTGGACA 2616 

CTTGGGGCCGACTTGTTAAGGCTCTGCAGCATCAGACTGTAGAGGGGAAGGAACACGTCT 267 6 

GCCCCCTGGTGGCCCGTCCTGGGAtGACCTCGGGCCtCCTAGGCAACAAAAGAATGAATT 27 36 

GGAAAGGATGTTCCTGGGTGTGOCCTAGCTCCTGTGCTTGTGTGGATCCCTAAAGGGTGT 2796 

GCTAAGGAGCAATTGCACTGTGTGCTGGACAGAATTCCTGCTTATAAATGCTTTTTGTTG 2 356 

TTGTTTTGTACACTGAGCCCTGGCTGAGCCACCCCACCCCACCTCCCATCCCACCTTTAC 2916 

ACGCCACTCTTGCATGAGAACCTGGCTGTCTCCCXCTTGTAGCCTGTGGArGCTGAGGAA 297 6 

ACACCCAGCCAAGTAGACTCCAGGCTTgCCCCTArCTCCTGcTaTGAGTcTggCCTCCTC 3036 

AtTgTGTTGTGGGAAgGAGACGGGt TCTGTCATCTCGGAAcgCCCACACCGTGGATGTGA 3096 

ACAaTGGCTGTACTAGCTTAGACCAgCTTAGGGCTCTGCATATCACAGGAGGGGGAGCAG 3156 

GGAACAATTTGAGTGCTGACCTATAACACAgTTCCTAAAGGATCGGGCAGTCCAGAATCT 3216 

CCTCCTTCAGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTCCATGTT 3276 

TGCATGTATGTGTGTGCCAGTGTGTGGAGGCCCGAGGTTGGCTTTGSGTGTGTTTGATCA 3336 

CTCTCCAGTTACTGAG<XGGGCTCTCATCTGTACCCAGAGCTTGCACArTTTCTAGTCTA 3396 

ACTTGATTCAGGGATCTCTGTCTGCCTATGGAGgTGCTCAGGTTACAGGCAGGCTGCCAT 3456 

ACCTGCCCGACATTTACATGAATACTAGAGATCTGAATTCr GG7CCTCACACT7GTATAC 3516 

CTGCATTTTATCCACTAAGACATCTCTCCAAGGGCTCCCCCTTCCTATTTAArAAGTTAG 3 S 7 6 

TTTTGAACTGGCAAGATGGCTCAGTGGGTAAGGCAGTTTGCGGACAAACCTGArGACCTG 3636 

AGTTGGATCCCTGACCATAAGGTAGAAGAGACCTGATTCCTGCAAGTTGTCCTCTGACCA 3696 

CCACCCCATACATGCTTCTGCATATGTGCACACATCACATTCTTGCACACACACTCACAT 375 6 

ACCATAAATGTAATAAATTTTTTTAAATAAATTGATrrTATCTTTTAAAAAAAAAAA 3 813 
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bevolimachtiga(n) hiermit / do hereby authorise / autorise (autorisons) par la prdsente^ 

HORNBY John Richard, a legal practitioner qualified in the United Kingdom of 
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